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FOREWORD 
This  paper i s  one of t h e  r e s u l t s  of exp lo ra to ry  r e s e a r c h  
on t h e  impacts of educa t ion  performed i n  t h e  System and Decis ion 
Sc iences  Area du r ing  1981 and 1982. A major reason  f o r  t h i s  
s tudy  was t h e  no t ion  t h a t  t h e  p r e s e n t  per iod  of demographic 
and economic t r a n s i t i o n  i s  a l s o  a  per iod  of e d u c a t i o n a l  
t r a n s i t i o n ,  and t h a t  it might be i n t e r e s t i n g  t o  examine t h e  
i n t e r a c t i o n s  and p o s s i b l e  c a u s a l  r e l a t i o n s h i p s  between t h e s e  
va r ious  forms of t r a n s i t i o n .  
I n  t h i s  paper ,  Rudolf Vetschera  examines t h e  e f f e c t s  of 
educa t ion  on popu la t ion  growth, and a t t empt s  t o  i d e n t i f y  pos- 
s i b l e  dynamic r e l a t i o n s h i p s  between educa t ion  and f e r t i l i t y  
by e m p i r i c a l  methods. 
ANDRZEJ WIERZBICKI  
Chairman 
System and Decis ion Sc iences  
THE IMPACTS OF EDUCATION: 
AN EMPIRICAL DYNAMIC ANALYSIS 
INTRODUCTION 
The p o s s i b l e  impac t s  of e d u c a t i o n  on o t h e r  socio-economic 
v a r i a b l e s  have been s t u d i e d  b o t h  e m p i r i c a l l y  and t h e o r e t i c a l l y  
i n  g r e a t  d e p t h .  Adding a n o t h e r  paper  t o  t h e  a l r e a d y  abundant  
l i t e r a t u r e  t h e r e f o r e  r e q u i r e s  a  s p e c i f i c  m o t i v a t i o n .  
The p r e s e n t  paper  i s  one of t h e  r e s u l t s  of e x p l o r a t o r y  
r e s e a r c h  performed a t  IIASA i n  1981 and 1982 ( c f .  Sanderson 
and W i e r z b i c k i ,  1 9 8 3 ) .  A major  r e a s o n  f o r  s t a r t i n g  t h i s  r e -  
s e a r c h  was t h e  n o t i o n  t h a t  t h e  p r e s e n t  p e r i o d  of g l o b a l  
t r a n s i t i o n  a s  measured by demographic and economic i n d i c a t o r s  
i s  a l s o  a  p e r i o d  of e d u c a t i o n a l  t r a n s i t i o n .  I t  might  t h e r e f o r e  
be wor thwhi le  t o  examine t h e  i n t e r a c t i o n s  and p o s s i b l y  i d e n t i f y  
c a u s a l  r e l a t i o n s h i p s  between t h e s e  forms of t r a n s i t i o n .  I n  
c o n t r a s t  t o  most of t h e  e x i s t i n g  ( e s p e c i a l l y  t h e  e m p i r i c a l l y  
o r i e n t e d )  l i t e r a t u r e ,  o u r  r e s e a r c h  i s  d i r e c t e d  a t  t h e  dynamic, 
r a t h e r  t h a n  t h e  s t a t i c ,  r e l a t i o n s  between t h e  v a r i a b l e s  i n -  
volved.  A s  t h e  dynamics of such p r o c e s s e s  may e v o l v e  o v e r  
s e v e r a l  d e c a d e s ,  t h e  a n a l y s i s  must be  performed w i t h  a  broad 
h i s t o r i c a l  p e r s p e c t i v e .  Our a n a l y s i s  w i l l  be c a r r i e d  o u t  a t  
t h e  l e v e l  of c o u n t r i e s ,  s o  t h a t  any c u l t u r a l  f a c t o r s  i n f l u e n c i n g  
t h e  p r o c e s s e s  may be i d e n t i f i e d  by comparing t h e  r e s u l t s  f o r  
d i f f e r e n t  c o u n t r i e s .  
One of  t h e  most prominent  e f f e c t s  of  e d u c a t i o n  i d e n t i f i e d  
i n  t h e  l i t e r a t u r e  i s  t h a t  on p o p u l a t i o n  growth.  (For  a  com- 
p r e h e n s i v e  rev iew of  t h e  p o s s i b l e  e f f e c t s  of e d u c a t i o n  i n  t h i s  
a r e a ,  see Sanderson,  1 9 8 3 ) .  The p r e s e n t  paper  i s  an a t t e m p t  
t o  i d e n t i f y  p o s s i b l e  dynamic r e l a t i o n s h i p s  between e d u c a t i o n  
and f e r t i l i t y  by e m p i r i c a l  methods. S e c t i o n  2 p r e s e n t s  t h e  
mathemat ica l  model used  f o r  t h e  e s t i m a t i o n s ,  t h e  e s t i m a t i o n  
t e c h n i q u e  and t h e  tests  t h a t  may be a p p l i e d  t o  t h e  model. I n  
S e c t i o n  3 ,  w e  d e s c r i b e  t h e  e s t i m a t i o n  exper iments  t h a t  were 
performed;  S e c t i o n  4 d i s c u s s e s  t h e  r e s u l t s  of t h e s e  e x p e r i m e n t s ,  
some of which a r e  t a b u l a t e d  i n  Appendix B .  Our main c o n c l u s i o n s  
and some t o p i c s  f o r .  f u t u r e  r e s e a r c h  a r e  summarized i n  S e c t i o n  5 .  
Appendix A d e s c r i b e s  t h e  computer s o f t w a r e  t h a t  was developed 
f o r  t h i s  s t u d y .  
2 .  THE MATHEMATICAL MODEL, ESTIMATION TECHNIQUE AND TESTS 
Our problem i s  t o  i d e n t i f y  a  dynamic r e l a t i o n s h i p  between 
an independen t  i n p u t  v a r i a b l e  ( e d u c a t i o n )  and a  dependent  o u t -  
p u t  v a r i a b l e  ( f e r t i l i t y ) .  The o u t p u t  does  n o t  depend d e t e r -  
m i n i s t i c a l l y  on t h e  i n p u t  b u t  i s  randomly d i s t u r b e d .  A s  w e  
a r e  c o n s i d e r i n g  a  dynamic p r o c e s s ,  t h e  r e l a t i o n  w i l l  n o t  b e  
r e s t r i c t e d  t o  contemporaneous v a l u e s  of  t h e  v a r i a b l e s  b u t  w i l l  
i n v o l v e  l a g s  i n  b o t h  v a r i a b l e s  a s  w e l l  a s  i n  t h e  d i s t u r b a n c e  
term. A c o n v e n i e n t  way of d e s c r i b i n g  such a  sys tem i s  a s  a  
sys tem of l i n e a r  f i l t e r s ;  t h i s  i s  done i n  t h e  f o l l o w i n g  sub- 
s e c t i o n .  
2 . 1  B a s i c  D e f i n i t i o n s  f o r  t h e  L i n e a r  F i l t e r  System 
The l i n e a r  sys tem under c o n s i d e r a t i o n  i s  assumed t o  have 
t h e  f o l l o w i n g  s t r u c t u r e :  a n  i n p u t  s i g n a l  i s  t r ans fo rmed  i n t o  
an o u t p u t  s i g n a l  v i a  a  l i n e a r  f i l t e r .  T h i s  o u t p u t  s i g n a l ,  
however, i s  n o t  d i r e c t l y  o b s e r v a b l e  b u t  i s  d i s t u r b e d  by a  
c o l o r e d  n o i s e  p r o c e s s .  T h i s  n o i s e  p r o c e s s  i s  d e r i v e d  from a  
w h i t e  n o i s e  p r o c e s s  v i a  a  f i l t e r  s i m i l a r  t o  t h a t  used f o r  t h e  
i n p u t  s i g n a l .  The whole sys tem i s  d e p i c t e d  i n  F i g u r e  1 .  
F i g u r e  1 .  The l i n e a r  f i l t e r  sys t em.  
W e  d e f i n e  
Xt - i n p u t  s i g n a l  a t  t i m e  t 
Y t  - o b s e r v e d  o u t p u t  a t  t i m e  t 
u - w h i t e  n o i s e  s i g n a l  a t  t i m e  t t 
The f i l t e r s  a r e  d e s c r i b e d  by t h r e e  l a g  p o l y n o m i a l s  o f  o r d e r  k: 
N ( z )  = aOzt + a z  1 t - 1  + ... + a z  k  t-k 
M(z)  = bozt + b lz t - ,  + ... + bkzt -k  
L ( z )  = C O Z t  
+ C 1 z t - l  + ... + CkZt-k  
The a i  , bi and ci w i l l  be  r e f e r r e d  t o  a s  t h e  p a r a m e t e r s  
of  t h e  p r o c e s s ,  w h i l e  k  i s  t h e  o r d e r  o f  t h e  p r o c e s s .  The 
two f i l t e r s  and t h e  c o m p o s i t i o n  o f  y  c a n  now b e  d e s c r i b e d  
by t h e  f o l l o w i n g  e q u a t i o n s :  
where r and s a r e  i n t e r m e d i a t e  s i g n a l s  a s  shown i n  F i g u r e  1 .  
Equat ions  ( 2 )  - ( 4 )  can be combined t o  y i e l d  
M(z)y  = N ( z ) u  + L ( Z ) x  ( 5 )  
o r  
- 
bOYt + blYt-l  + " ' +  b k ~ t - k  - COXt + C I X t - l  +. ..+ C X k t -k  
+...+ a  u  k t - k  
which d e s c r i b e s  t h e  whole sys tem of  f i l t e r s .  
The sys tem i s  i n v a r i a n t  w i t h  r e s p e c t  t o  m u l t i p l i c a t i o n  of 
t h e  p a r a m e t e r v e c t o r  by a s c a l a r ,  s o  w e  assume w i t h o u t  l o s s  of 
g e n e r a l i t y  t h a t  
A s  t h e  r e s i d u a l s  a r e  n o t  d i r e c t l y  o b s e r v a b l e ,  w e  may f u r t h e r  
normal ize  t h e  d e f i n i t i o n  by s e t t i n g  
A modi f ied  form of  e q u a t i o n  ( 5 )  may be used t o  g e n e r a t e  
t h e  o u t p u t  s i g n a l .  Given a p a r a m e t e r  v e c t o r  ( a ,  b ,  c)  , an i n i t i a l  
c o n d i t i o n  (y t -1 ,y t -2 , . . . , y t -k )  and contemporaneous i n p u t  a n d n o i s e  
s i g n a l s  x t  and ut , t h e  o u t p u t  s i g n a l  y t  can becomputedas  
S i m i l a r l y ,  t h e  r e s i d u a l s  can be r e c o n s t r u c t e d  from t h e  o u t p u t  
and i n p u t  s i g n a l s  u s i n g  
However, equation (8) cannot be used to compute the first 
k residuals. We therefore define a vector uO containing 
the residuals (u1,u2,...,uk) andconsider uO to be a part of 
the parameter vector describing the system. 
2.2 Estimation of Parameters 
The problem of parameter estimation may be stated as 
follows: given a time path for the input and output signals, 
find a parameter vector (a,b, c, uO) that explains this input- 
output behavior as accurately as possible. 
Equation (8) may be used to calculate a time path for 
the residual process that is uniquely determined by the para- 
meter vector. To define a "good" parameter set, we may there- 
fore describe the optimality of the parameters in terms of the 
associated residual vector. An obvious measure of parameter 
quality is the variance of the residual process. An optimal 
set of parameters is thus defined as one that minimizes 
var(ut) for t > k . The optimization process used here to find 
such a parameter vector employs the conjugate gradient method 
as implemented in routine ZXCGR of the IMSL mathematical 
software library. To use theconjugategradient method, we have 
to determine the gradient of var(u) with respect to the para- 
meters. 
Computation of the gradient can be simplified by noting 
that 
avar (u) avar(u) 
= C a ut 
ap t=l ap 
where p is any of the parameters. The first factor on the 
right-hand side follows directly from the definition of var(u) 
for discrete u's: 
var (u) 
For t h e -  second f a c t o r ,  w e  have t o  d i s t i n g u i s h  between t < k 
and t > k , a s  t h e  f i r s t  k r e s i d u a l s  a r e  themse lves  e lements  
of  t h e  parameter  v e c t o r .  T h e i r  d e r i v a t i v e s  a r e  t h e r e f o r e  1 w i t h  
r e s p e c t  t o  themselves  and 0  w i t h  r e s p e c t  t o  a l l  o t h e r  pa ramete r s .  
For t > k , t h e  d e r i v a t i v e s  may be o b t a i n e d  from e q u a t i o n  ( 8 )  
a s  f o l l ow s :  
A l l  d e r i v a t i v e s  of  u  f o r  t > k depend on t h e  d e r i v a t i v e s  of t 
u  f o r  T < t . Once t h e  d e r i v a t i v e s  o f  t h e  u t ( t = 1 , 2 ,  ..., k )  t 
have been computed, w e  can compute t h e  o t h e r  d e r i v a t i v e s  i n  a  
s e q u e n t i a l  f a s h i o n .  
2 . 3  S t a t i s t i c a l  T e s t s  
Our main aim i n  t h i s  s t udy  i s  t o  de te rmine  and p o s s i b l y  
q u a n t i f y  t h e  i n f l u e n c e  of educa t i on  on f e r t i l i t y .  Before  w e  
can reach  any c o n c l u s i o n s ,  w e  w i l l  have t o  e n s u r e  t h a t  o u r  
model p r o v i d e s  an adequa te  r e p r e s e n t a t i o n  of  t h e  p r o c e s s e s  
invo lved .  W e  w i l l  t h e r e f o r e  perform t w o  k inds  of tests:  
( a )  T e s t s  t h a t  measure how p r e c i s e l y  t h e  a c t u a l  behav ior  
of v a r i a b l e s  i s  exp l a ined  by t h e  model. 
( b )  T e s t s  t h a t  q u a n t i f y  t h e  i n f l u e n c e  of t h e  i n p u t  s i g n a l  
on t h e  o u t p u t  s i g n a l  i n  r e l a t i o n  t o  t h e  i n f l u e n c e  of 
p a s t  o u t p u t  l e v e l s  and random e f f e c t s .  
The f i r s t  group of tests  may be d i v i d e d  f u r t h e r  i n t o  tests  t h a t  
check i f  t h e  b a s i c  assumpt ions  of t h e  model a r e  f u l f i l l e d  and 
t e s t s  t h a t  measure how w e l l  t h e  model f i t s  t h e  d a t a .  
2 . 3 . 2  B a s i c  a s s u m p t i o n s  o f  t h e  mode2 
According t o  t h e  model d e s c r i b e d  i n  S e c t i o n  1 ,  t h e  r e s i d u a l s  
u  s h o u l d  b e  g e n e r a t e d  by a w h i t e  n o i s e  p r o c e s s .  One way t o  t e s t  t 
t h e  v a l i d i t y  o f  t h i s  assumpt ion  i s  t o  g e n e r a t e  a  r e s i d u a l  v e c t o r  
a s s o c i a t e d  w i t h  t h e  f i t t e d  pa ramete r  v e c t o r  u s i n g  e q u a t i o n  ( 8 ) .  
T h i s  v e c t o r  can  be t e s t e d  a g a i n s t  a  w h i t e  n o i s e  p r o c e s s  i n  t h e  
u s u a l  way, u s i n g  measures such  a s  t h e  a u t o c o r r e l a t i o n  f u n c t i o n  
and t h e  p a r t i a l  a u t o c o r r e l a t i o n  f u n c t i o n .  P r a c t i c a l  a p p l i c a t i o n  
of  t h i s  method was however n o t  p o s s i b l e  i n  most c a s e s  a s  t h e  
number of o b s e r v a t i o n s  a v a i l a b l e  was i n s u f f i c i e n t .  
2 . 3 . 2  OveraZZ f i t  o f  t h e  mode2 
The o v e r a l l  f i t  of  a  model i s  u s u a l l y  measured by comparing 
t h e  o u t p u t  g e n e r a t e d  by t h e  model w i t h  t h e  a c t u a l  b e h a v i o r  of t h e  
o u t p u t  v a r i a b l e .  I n  o u r  model,  t h e  g e n e r a t i o n  o f  an  o u t p u t  
s i g n a l  r e q u i r e s  t h e  s p e c i f i c a t i o n n o t o n l y  o f  an  i n p u t  s i g n a l ,  
b u t  a l s o  of  a  r e s i d u a l  v e c t o r  a n d a l a g g e d  o u t p u t  s i g n a l .  There- 
f o r e ,  two q u e s t i o n s  have  t o  be answered b e f o r e  an o u t p u t  s i g n a l  
can be s i m u l a t e d :  
( a )  Which r e s i d u a l  s i g n a l  s h o u l d  b e  used?  
( b )  Which l agged  o u t p u t  v a l u e s  s h o u l d  b e  used?  
A s  s t a t e d  above,  a  r e s i d u a l  v e c t o r  canno t  b e  obse rved  
d i r e c t l y .  One p o s s i b l e  way t o  r e c o n s t r u c t  s u c h  a  v e c t o r  i s  t o  
u s e  e q u a t i o n  ( 8 )  i n  c o n j u n c t i o n  w i t h  a  g i v e n  set  of  pa ramete r s .  
I f  t h e  r e s u l t i n g  r e s i d u a l  v e c t o r  i s  t h e n  f e d  back i n t o  t h e  
s i m u l a t i o n  r u n ,  t h e  o u t p u t  s i g n a l  produced w i l l  n e c e s s a r i l y  
be t h a t  used  i n  g e n e r a t i n g t h e r e s i d u a l s .  A n a n a l y s i s  o f t h e  f i t  o f t h e  
model based on a  comparison o f  g e n e r a t e d  and obse rved  o u t p u t  
s i g n a l s  can t h e r e f o r e  n o t  be performed w i t h  such  a  r e s i d u a l  
v e c t o r .  
Another  common way of a n a l y z i n g  t h e  f i t  of  a  model i s  t o  
s i m u l a t e  t h e  a c t u a l  use  of t h e  model i n  p r e d i c t i o n .  I n  t h i s  
c a s e ,  t h e  expec ted  v a l u e  ( 0 )  of  t h e  r e s i d u a l s  i s  used f o r  a l l  
p e r i o d s .  T h i s  i s  t h e  approach t a k e n  i n  o u r  a n a l y s i s .  
I n  t h e  l i t e r a t u r e  ( C h r i s t ,  1975; F a i r ,  1 9 7 4 ) ,  s i m u l a t i o n s  
a r e  d i v i d e d  i n t o  two c l a s s e s  accord ing  t o  t h e  t ype  of  l agged  
endogenous v a r i a b l e s  used.  I n  an e x  a n t e  s i m u l a t i o n ,  t h e  
v a l u e s  g en e r a t ed  i n  t h e  s i m u l a t i o n  of p r ev ious  p e r i o d s  a r e  used.  
I n  an  e x  p o s t  s i m u l a t i o n ,  t h e  a c t u a l  v a l u e s  of  t h e  o u t p u t  s i g n a l s  
a r e  used.  I n  t h e  p r e s e n t  s t u d y ,  t h e  r e l a t i v e  r ank ing  o f  v a r i o u s  
a l t e r n a t i v e s  was a lmos t  always t h e  same f o r  bo th  t y p e s  of 
s i m u l a t i o n s ,  s o  o n l y  t h e  e x  p o s t  v a l u e s  w i l l  be p r e s e n t e d  h e r e .  
Each s i m u l a t i o n  run  w i t h  t h e  model y i e l d s  a  v e c t o r  of 
e s t i m a t e d  o u t p u t  v a l u e s  yt . For each  p e r i o d ,  w e  can d e f i n e  
t h e  p r e d i c t i o n  e r r o r  a s  
These e r r o r s  may be aggrega ted  by s e v e r a l  methods. T w o o f t h e m o s t  
wide ly  used ag g r eg a t e  measures a r e  t h e  root-mean-square e r r o r  
and t h e  mean a b s o l u t e  d e v i a t i o n .  The root-mean-square e r r o r  
(RMSE) i s  d e f i n e d  a s  
RMSE = rn 
The mean a b s o l u t e  d e v i a t i o n  (MAD) i s  d e f i n e d  a s  
The root-mean-square e r r o r  w i l l  be used i n  o u r  d i s c u s s i o n  a s  
a g a i n  bo t h  measures y i e l d  an i d e n t i c a l  r ank ing  of  a l t e r n a t i v e s .  
2 .  3 .  3 T e s t s  on parame te r s  
The b a s i c  model of equa t i on  ( 5 )  i s  e s t i m a t e d  u s ing  a  sample 
of T o b s e r v a t i o n s .  A s  k  lagged v a l u e s  a r e  used i n  t h e  model,  
t h e  f i r s t  o b s e r v a t i o n  t h a t  a c t u a l l y  e n t e r s  t h e  e s t i m a t i o n  pro- 
c e s s  i s  t h a t  f o r  p e r i o d  k + l .  The whole model f o r  p e r i o d s  
t=k+l  t o  T may be w r i t t e n  i n  m a t r i x  n o t a t i o n  a s  fo l lows :  
I f  we move t h e  lagsed  ou tpu t  va lues  t o  t h e  r ight-hand s i d e  of 
( l a ) ,  we o b t a i n  
o r ,  more compactly 
where A , B , C  a r e  parameter v e c t o r s ,  X i s  a mat r ix  of i n p u t  
s i g n a l  va lues  arranged a s  above, and V i s  a ma t r ix  of r e s i d u a l  
va lues  i n  a s i m i l a r  arrangement.  Y ( t )  i s  t h e  v e c t o r  of  con- 
temporaneous ou tpu t  va lues  and Y ( ' ) t h e  ma t r ix  of lagged out-  
p u t  va lues  used i n  each pe r iod .  
The s t r u c t u r e  of t h i s  model is  very s i m i l a r  t o  t h a t  of a 
s t anda rd  l i n e a r  r e g r e s s i o n  model except  t h a t  t h e  combined 
r e s i d u a l  v e c t o r  VA i s  a u t o c o r r e l a t e d .  'To o b t a i n  a model wi th  
unco r re l a t ed  parameters ,  w e  use  a procedure s i m i l a r  t o  t h e  ULS 
e s t i m a t i o n  technique  ( c f .  Johnston,  1972, p .  208) .  F i r s t  we 
s p l i t  t h e  product  VA i n t o  
T h i s  f o r m u l a t i o n  a l s o  c l e a r l y  d i s t i n g u i s h e s  between t h e  a c t u a l  
s t o c h a s t i c  r e s i d u a l  v e c t o r  U = ( u ~ + ~ , . . . , u ~ )  and t h e  v e c t o r  
.... uO = ( u l  ) T  t h a t  has  a l r e a d y  been d e f i n e d  a s  one o f  t h e  
' Uk 
p a r a m e t e r s  t o b e  e s t i m a t e d .  
The whole model now becomes 
which may be r e w r i t t e n  a s  
which is  l i n e a r  i n  U . 
Given t h e  v e c t o r s  A and Z , t h e  pa ramete r s  B and C 
i n  model (23)  may be e s t i m a t e d  by l i n e a r  r e g r e s s i o n  and f u r t h e r -  
more may be examined u s ing  s t a n d a r d  l i n e a r  r e g r e s s i o n  s t a t i s t i c s .  
T h i s  i s  e s p e c i a l l y  i m p or t an t  t o  u s ,  a s  B r e p r e s e n t s  t h e  e f f e c t  
of lagged o u t p u t  v a l u e s  on t h e  o u t p u t  s i g n a l  and C r e p r e s e n t s  
t h e  e f f e c t  of  t h e  i n p u t  s i g n a l  ( e d u c a t i o n ) .  I n  p a r t i c u l a r ,  i f  
C has  a  low s i g n i f i c a n c e  t h i s  might  i n d i c a t e  t h a t  t h e  i n p u t  
h a s  on ly  a  weak i n f l u e n c e  on t h e  o u t p u t .  
3.  ESTIMATION EXPERIMENTS 
E s t i m a t i o n s o f t h e  model d e s c r i b e d  i n  t h e  p r ev ious  s e c t i o n  
were performed f o r  f i v e  European c o u n t r i e s :  F i n l a n d ,  F rance ,  
I t a l y ,  The Ne ther lands  and P o r t u g a l .  These c o u n t r i e s  were 
s e l e c t e d  bo th  because  o f  t h e  compara t ive ly  good time-series 
d a t a  a v a i l a b l e  f o r  them and because t h e  s e l e c t i o n  spans  a  wide 
range of  c u l t u r e s .  Th i s  r ange  i n c l u d e s  a  Medi ter ranean l a t i n  
coun t ry  w i t h  a  s t r o n g  c a t h o l i c  background ( I t a l y )  a s  w e l l  a s  
a  s t r o n g l y  s e c u l a r i z e d  l a t i n  coun t ry  ( F r a n c e ) .  The n o r t h e r n  
c o u n t r i e s  o f  Europe a r e  r e p r e s e n t e d  by F in l and  and The Ne the r l ands .  
The c o u n t r i e s  s e l e c t e d  a l s o  cover  a  broad range  of  e d u c a t i o n a l  
t r a n s i t i o n  p e r i o d s :  f o r  example, i n  P o r t u g a l  t h e  e d u c a t i o n a l  
t r a n s i t i o n  d i d  n o t  t a k e  p l a c e  u n t i l  t h e  1930s.  
A l l  d a t a  used i n  t h e  e s t i m a t i o n s  were t a k e n  from M i t c h e l l  
( 1 9 7 5 ) .  [ F o r  f u r t h e r  d e t a i l s  of some of t h e  d a t a ,  s e e L i w i - B a c c i  
( 1 971 , 1 977) . ]  Educat ion was measured by t h e  g r o s s  p a r t i c i p a t i o n  
r a t e  i n  pr imary e d u c a t i o n ,  d e f i n e d  as 
Enrol lment  i n  pr imary s choo l s  
Number of c h i l d r e n  aged 5-9 
The 5-9 age group w a s  s e l e c t e d  because  most p o p u l a t i o n  d a t a  
a r e  g iven  f o r  s p e c i f i c  5-year age  g roups ,  of  which t h i s  i s  one.  
Even i f  pr imary ed u ca t i on  a c t u a l l y  took  p l a c e  ove r  a  s l i g h t l y  
d i f f e r e n t  age  r an g e ,  t h i s  age  group can be t a k e n  a s  a  c l o s e  
proxy t o  t h e  r e l e v a n t  p opu l a t i on  group.  Consequent ly ,  i n s t a n c e s  
i n  which t h e  p a r t i c i p a t i o n  r a t e  a s  d e f i n e d  above exceeded 1 
w e r e  n o t  co n s i d e r ed  a s  e r r o r s .  A s  w e  a r e  i n t e r e s t e d  on ly  i n  
long-term t r e n d s ,  t h e  e f f e c t  of  t h i s  approximat ion can  s a f e l y  
be i g n o r ed .  
F e r t i l i t y  w a s  measured by t h e  g r o s s  b i r t h  r a t e ,  d e f i n e d  a s  
T o t a l  number of b i r t h s  i n  t h e  p o p u l a t i o n  
Number of women aged 15-45 
F i g u r e  2 shows a  t y p i c a l  p l o t  of bo th  v a r i a b l e s  a g a i n s t  t i m e  
( t h e  d a t a  a r e  a c t u a l l y  f o r  F i n l a n d ,  1850-1950). I t  can be 
s e e n  t h a t  t h e  e d u c a t i o n a l  t r a n s i t i o n  s t a r t e d  a lmost  when t h e  
d a t a  beg in ,  i n  t h e  l a s t  q u a r t e r  of  t h e  19 th  c e n t u r y .  The 
demographic t r a n s i t i o n  s t a r t e d  a t  abou t  t h e  same t i m e ,  b u t  i t  
ach ieved  i t s  g r e a t e s t  momentum between 1910 and 1930. 

A s  p o p u l a t i o n  d a t a  were a v a i l a b l e  on ly  a t  i n t e r v a l s  of  
5 t o  10 y e a r s  ( v a r y i n g  from count ry  t o  coun t ry  and sometimes 
even w i t h i n  c o u n t r i e s ) ,  l i n e a r  i n t e r p o l a t i o n  was used t o  
g e n e r a t e  y e a r l y  d a t a .  L inea r  i n t e r p o l a t i o n  was a l s o  used t o  
b r i d g e  any gaps  t h a t  o ccu r r ed  i n  t h e  e d u c a t i o n a l  t i m e  s e r i e s  
d a t a .  
The l i t e r a t u r e  on t h e  e f f e c t s  of  e d u c a t i o n  on f e r t i l i t y  
does  n o t  r e a c h  a  c l e a r  conc lu s ion  on whether  t h e  educa t i on  o f  
c h i l d r e n  o r  t h e  e d u c a t i o n a l  l e v e l  o f  t h e i r  p a r e n t s  a c t u a l l y  
i n f l u e n c e s  f e r t i l i t y .  (For  a  c r i t i c a l  su rvey ,  see Caldwel l ,  
1 9 7 6 ) .  The e d u c a t i o n  o f  c h i l d r e n  may i n f l u e n c e  t h e i r  p a r e n t s '  
d e c i s i o n s  on c h i l d - b e a r i n g  i n  t h a t  i t  r a i s e s  t h e  c o s t s  o f  hav ing  
c h i l d r e n .  ( Th i s  may be caused p a r t l y  by t h e  f a c t  t h a t  t h e  
c h i l d r e n  a r e  u n a v a i l a b l e  f o r  (domes t i c )  work wh i l e  a t  s c h o o l  
and p a r t l y  by an i n c r e a s e  i n  t h e  c h i l d r e n ' s  s t a t u s  t h a t  w i l l  
probab ly  encourage  them t o  expec t  more s u p p o r t  from t h e i r  
p a r e n t s . )  Educa t ion  of p o t e n t i a l  p a r e n t s  may i n f l u e n c e  f e r -  
t i l i t y  by r a i s i n g  t h e  m o t h e r ' s  o p p o r t u n i t y  c o s t  o f  having 
c h i l d r e n  and by i n c r e a s i n g  t h e i r  a b i l i t y  t o  u se  e f f e c t i v e  
c o n t r a c e p t i v e  t e ch n i q u es .  Educated p a r e n t s  may a l s o  be a s -  
s o c i a t e d  w i t h  a  h i g h e r  c h i l d  s u r v i v a l  r a t e ,  s o  t h a t  less b i r t h s  
a r e  r e q u i r e d  f o r  a  d e s i r e d  number of  c h i l d r e n  t o  r e ach  m a t u r i t y .  
To i n v e s t i g a t e  whether  t h e  e d u c a t i o n a l  l e v e l  o f  p a r e n t s  
o r  t h a t  of  t h e i r  c h i l d r e n  ha s  t h e  g r e a t e r  i n f l u e n c e  on f e r -  
t i l i t y ,  ed u ca t i o n  w i t h  a  t i m e  l a g  of  0,  5 ,  10 ,  15 ,  20 and 25 
y e a r s  was used a s  an i n p u t  s i g n a l  i n  t h e  e s t i m a t i o n  exper iments .  
The s h o r t e r  l a g s  cor respond  t o  t h e  hypo the s i s  t h a t  e d u c a t i o n  of  
c h i l d r e n  w i l l  i n f l u e n c e  t h e i r  p a r e n t s 1  f e r t i l i t y .  Longer l a g s  
would i n d i c a t e  t h a t  f e r t i l i t y  i s  more i n f l u e n c e d  by t h e  edu- 
c a t i o n  r e c e i v e d  by t h e  p a r e n t s  themselves  as c h i l d r e n .  
To t e s t  t h e  goodness o f  f i t  of t h e  model f o r  v a r i o u s  
phases  of t h e  t r a n s i t i o n  p roce s s  and a l s o  (where s u f f i c i e n t  
d a t a  was a v a i l a b l e )  f o r  p e r i o d s  b e f o r e  and a f t e r  t h e  t r a n s i t i o n ,  
"moving window" sequences  of  e s t i m a t i o n s  w e r e  performed.  A l l  
e s t i m a t i o n s  i n  one sequence  con t a ined  t h e  same number of  obse r -  
v a t i o n s ,  b u t  t h e  sample spacewas  moved by one p e r i o d  between 
e s t i m a t i o n s .  
A l l  e s t i m a t i o n s  w e r e  performed f o r  bo th  ze ro  and f i r s t - o r d e r  
p r o c e s s e s .  Zero-order p roces se s  have t h e  advantage t h a t  t h e  
t r a n s f e r  pa ramete r  co may be i n t e r p r e t e d  a s  a  c o e f f i c i e n t  ~ f  
c o r r e l a t i o n b e t w e e n  t h e  two v a r i a b l e s .  On t h e  o t h e r  hand, dynamic 
r e l a t i o n s  can be cap tu red  on ly  i f  t h e  p roces s  is  a t  l e a s t  of 
o r d e r  1 .  
4 .  RESULTS 
I n  t h i s  s e c t i o n ,  w e  f i r s t  d i s c u s s  t h e  e f f e c t s  of t h e  v a r i o u s  
m o d i f i c a t i o n s  made i n  t h e  e s t i m a t i o n  exper iments  on t h e  o v e r a l l  
f i t  of t h e  model. W e  t hen  ana lyze  t h e  v a l u e s  and t h e  s i g n i f i c a n c e  
of t h e  paramete rs .  
4.1 Order of t h e  Process  Est imated 
A s  w e  s t a t e d  e a r l i e r ,  a  zero-order  p roces s  cor responds  t o  
a  s t a t i c  view of t h e  i n t e r a c t i o n s  between educa t i on  and f e r t i l i t y  
wh i l e  a  f i r s t - o r d e r  p roces s  t a k e s  t h e  dynamics of  t h e s e  i n t e r -  
a c t i o n s  i n t o  account .  Formulated a s  r e g r e s s i o n  e q u a t i o n s ,  t h e s e  
two models a r e  
and 
From t h i s  i n t e r p r e t a t i o n  w e  may conclude t h a t  t h e  f i r s t - o r d e r  
model shou ld  f i t  t h e  d a t a  a t  l e a s t  a s  w e l l  a s  t h e  zero-order  
model. Fur thermore ,  any d i f f e r e n c e  i n  t h e  exp l ana to ry  power 
of t h e  two models can b e  a t t r i b u t e d  t o  t h e  i n c l u s i o n  of  t h e  
lagged terms.  
Our exper iments  a c t u a l l y  showed t h a t  t h e  i n c l u s i o n  of  t h e  
f i r s t - o r d e r  terms improved t h e  goodness of  f i t  of t h e  model 
on ly  s l i g h t l y .  A t y p i c a l  r e s u l t  is i l l u s t r a t e d  i n  F i g u r e  3 ,  
where t h e  RMSE f o r  bo th  models w i t h  a  l a g  of 5 y e a r s  between 
educa t i on  and f e r t i l i t y  measurements i s  shown f o r  The Nether lands .  
kalC 
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The p o i n t s  marked on t h e  t ime s c a l e  i n  t h i s  f i g u r e  r e p r e s e n t  
t h e  s t a r t i n g  p o i n t s  of t h e  4Q-year samples used i n  e s t i m a t i o n .  
The p o i n t  l a b e l l e d  1900, f o r  example, corresponds t o  an e s t i m a t e  
us ing  d a t a  from 1 9 0 0  t o  1 9 4 0 .  The c o n s i s t e n t  s i m i l a r i t y  of t h e  
two curves  i n d i c a t e s  t h a t  t h e  i n c l u s i o n  of lagged va lues  does 
n o t  s i g n i f i c a n t l y  improve t h e  explana tory  power of t h e  model. 
F igure  3 a l s o  shows a phenomenon common t o  a l l  e s t i m a t i o n s :  
t h e  model e x p l a i n s  t h e  d a t a  b e s t  i n  t hose  pe r iods  i n  which t h e  
demographic t r a n s i t i o n  a c t u a l l y  took p l a c e .  This  can be seen  
by comparing F igure  3 t o  F igure  4 ,  which shows Dutch educa t ion  
and f e r t i l i t y  d a t a  p l o t t e d  a g a i n s t  t ime.  
F igure  4 shows very c l e a r l y  t h a t  t h e  demographic t r a n s i t i o n  
i n  The Nether lands  occur red  between about  1880 and 1935. I t  i s  
no t  s o  easy t o  i d e n t i f y  an educa t iona l  t r a n s i t i o n  p e r i o d ,  bu t  
most of t h e  i n c r e a s e  i n  educa t ion  seems t o  have occur red  be fo re  
about 1 9 2 0 .  
I t  has  a l r e a d y  been noted t h a t  t h e  zero-order  p roces s  i s  
s i m i l a r  t o  a c o r r e l a t i o n  a n a l y s i s .  From t h e  graph of t h e  time- 
s e r i e s  d a t a ,  we may n o t e  t h a t  both  s e r i e s  have segments i n  which 
t h e r e  is  an almost  l i n e a r  t r e n d  over  time: f e r t i l i t y  d e c l i n e s  
almost  l i n e a r l y  between 1890 and 191 5 ,  wh i l e  educa t ion  i n c r e a s e s  
a lmost  l i n e a r l y  between 1870 and 1 9 0 0 .  I t  is  t h e r e f o r e  n o t  su r -  
p r i s i n g  t h a t  t h e  r e g r e s s i o n  c o e f f i c i e n t s  of f e r t i l i t y  on edu- 
c a t i o n  a r e  h i g h e s t  f o r  e s t i m a t i o n s  i n c l u d i n g  those  pe r iods  i n  
which both s e r i e s  show q u a l i t a t i v e l y  s i m i l a r  behavior .  
Another phenomenon must a l s o  be cons idered  i n  connec t ion  
wi th  t h e  f i r s t - o r d e r  model. A f i r s t - o r d e r  a u t o r e g r e s s i v e  model 
can be f i t t e d  b e t t e r  t o  an a lmost  s t e a d i l y  d e c l i n i n g  time s e r i e s  
than  t o  a t ime s e r i e s  t h a t  o s c i l l a t e s  randomly around a cons t an t  
va lue .  The t ime s e r i e s  f o r  f e r t i l i t y  shows a d e c l i n e  of  t h i s  
type between 1880 and 1935, s o  t h e  model should f i t  t h e  d a t a  w e l l  
i n  t h e s e  p e r i o d s ,  a s  i s  indeed t h e  ca se .  
The behavior  of t h e  model i n  t h e  e s t ima t ion  experiments can 
t h u s  be r e a d i l y  expla ined  by t h e  d a t a  t o  which t h e  model was 
f i t t e d .  One should ,  however, be very c a r e f u l  when drawing any 
conc lus ions  w i th  r ega rd  t o  t h e  s t r u c t u r a l  r e l a t i o n s h i p s  s p e c i f i e d  
i n  t h e  model, a t  l e a s t  u n t i l  some a l t e r n a t i v e s h a v e b e e n  t e s t e d  i n  
t h e  same way. 

4 . 2  Lag S t r u c t u r e  
The e f f e c t s  of l agg ing  t h e  i n p u t  v a r i a b l e  on t h e  f i t  of 
t h e  model can b e s t  be s t u d i e d  us ing  graphs  t h a t  show t h e  RMSE 
f o r  d i f f e r e n t  e s t i m a t i o n  pe r iods  and l a g s .  F igure  5  p r e s e n t s  
such a  graph f o r  The Nether lands .  Very long l a g s  ( f o r  example, 
t hose  of 25 y e a r s )  produced a  c o n s i s t e n t l y  bad f i t  f o r  a l l  
c o u n t r i e s  and p roces ses ,  implying t h a t  most of  t h e  e f f e c t s  
of educa t ion  on f e r t i l i t y  occur  i n  a  s h o r t e r  t ime span.  
Models i nvo lv ing  l a g s  of about 1 0  y e a r s  seem t o  provide t h e  
b e s t  exp lana t ion  of t h e  observed behavior ,  and a l s o  e x h i b i t  a  
c h a r a c t e r i s t i c  improvement i n  t hose  p e r i o d s  i n  which t h e  t r a n s i t i o n  
occurred.  This  f a c t  s e e m s  t o  suppor t  t h e  hypothes i s  t h a t  edu- 
c a t i o n  of p o t e n t i a l  p a r e n t s  a f f e c t s  f e r t i l i t y ,  because 10 yea r s  
a f t e r  t h e  completion of primary educa t ion  was a  l i k e l y  age f o r  
ch i ld -bear ing  i n  t h e  pe r iod  analyzed.  I t  should be  no ted ,  
however, t h a t  o t h e r  c o u n t r i e s  d i d  no t  show t h i s  e f f e c t  a s  s t r o n g l y  
a s  The Nether lands .  For example, i n  I t a l y  l a g s  of 5  and 15 
yea r s  had t h e  s m a l l e s t  RMSE, whi le  a  l a g  of 10 y e a r s  was sometimes 
worse than no l a g  a t  a l l .  The longes t  l a g s  ( 2 0  and 25 y e a r s )  
were wors t  i n  a l l  c a s e s .  
However, t h e  improvement i n  t h e  f i t  brought about by even t h e  
b e s t  l a g s  a r e  r e l a t i v e l y  smal l  compared t o  t h e  s i z e  of t h e  
e r r o r  s t i l l  remaining.  
4.3 Parameters 
4 . 3 . 1  Z e r o - o r d e r  p r o c e s s  
I n  t h i s  c a s e ,  t h e r e  i s  only one parameter:  t h e  t r a n s f e r  
parameter co . This  parameter may be i n t e r p r e t e d  a s  something 
l i k e  a  c o r r e l a t i o n  c o e f f i c i e n t  between i n p u t  and ou tpu t  v a r i a b l e s ,  
bu t  we s t i l l  have t o  t a k e  i n t o  account t h e  d i f f e r e n t  magnitudes 
of t h e s e  v a r i a b l e s ,  s i n c e  they  were normalized t o  a  mean va lue  
of zero bu t  no t  t o  u n i t  va r i ance .  The c o e f f i c i e n t  had t h e  
expected ( n e g a t i v e )  s i g n  i n  almost  a l l  c a s e s .  Its va lues  were 
c l o s e  t o  t h e  q u o t i e n t  of t h e  v a r i a b l e s ,  between 0.1 and 0 . 2 .  
However, t h e  s i g n i f i c a n c e  of t h e  parameter a s  measured by t h e  
t - t e s t  d i d  n o t  reach  any meaningful l e v e l .  
lag (years) 
Figure 5. The values of the root-mean-square error (RMSE) for models 
incorporating lags of different lengths. The data are for 
The Netherlands- 
I t  i s  n o t  p o s s i b l e  t o  i n t e r p r e t  t h e  development o f  t h e  
parameter  ove r  d i f f e r e n t  e s t i m a t i o n  p e r i o d s  because  t h e  es- 
t i m a t e s  ob t a ined  i n  one p e r i o d  were used a s  s t a r t i n g  v a l u e s  
i n  t h e  n e x t .  The development ove r  t i m e  of t h e  paramete rs  i s  
t h e r e f o r e  somewhat i n f l u e n c e d  by t h e  numer ica l  behav ior  o f  
t h e  o p t i m i z a t i o n  p r o c e s s ,  e s p e c i a l l y  i n  t h o s e  c a s e s  where t h e  
v a l u e s  w e r e  no t  modif ied  because t h e  p rev ious  v a l u e  s t i l l  
s a t i s f i e d  t h e  s t opp ing  c r i t e r i o n  of  t h e  o p t i m i z a t i o n  a l -  
gori thm. The re fo re ,  t h e  changes i n  pa ramete rs  ove r  t i m e  a r e  
n o t  d i sp l ayed  a s  g r a p h s ;  e s t i m a t e s  a r e  p r e s e n t e d  i n  t a b u l a r  
form f o r  a l l  c o u n t r i e s  i n  Appendix B .  
The r e s u l t s  o b t a i n e d  i n d i c a t e  t h a t  t h e  model a c t u a l l y  
f i t t e d  i n  t h i s  c a s e  was one i n  which t h e  o u t p u t  v a r i a b l e  re- 
mained a t  a  c o n s t a n t  l e v e l  and was r e l a t i v e l y  una f f ec t ed  by t h e  
i n p u t  s i g n a l .  I n o t h e r  words, t h e  r e s u l t s  sugges t  t h a t  educa t i on  
and f e r t i l i t y  do n o t  show any s i g n i f i c a n t  c o r r e l a t i o n .  
4 . 3 . 2  F i r s t - o r d e r  p r o c e s s  
The r e s u l t s  ob t a ined  w i th  t h e  dynamic model conf i rm t h o s e  
of t h e  s t a t i c  one.  The a u t o r e g r e s s i v e  paramete r  b l  was 
between 0 . 8  and 1 i n  most c a s e s ,  i n d i c a t i n g  a g a i n  t h a t  t h e  
ou tpu t  s i g n a l  o s c i l l a t e d  around a  c o n s t a n t  l e v e l  o r  d e c l i n e d  
s t e a d i l y  i n  some p e r i o d s .  The a u t o r e g r e s s i v e  parameter  was 
a l s o  c o n s i s t e n t l y  h i g h l y  s i g n i f i c a n t .  
The contemporaneous t r a n s f e r  parameter  c  was o f  about  0 
t h e  same magnitude a s  i n  t h e  zero-order  model, and had a  much 
lower s i g n i f i c a n c e  v a l u e  than  t h e  a u t o r e g r e s s i v e  paramete r .  
A s  t h e  o v e r a l l  behav ior  of t h e  model d i d  n o t  change from z e r o  
t o  f i r s t  o r d e r ,  w e  d i d  n o t  expec t  t h e  lagged t r a n s f e r  parameter  
c 1  t o  be very  s i g n i f i c a n t ,  and t h e  r e s u l t s  c o n f i r m e d t h i s  ex- 
~ e c t a t i o n .  The t - va lue s  f o r  t h i s  parameter  were approximate ly  
t h e  same a s  t h o s e  f o r  t h e  contemporaneous t r a n s f e r  pa ramete r ,  
and t h e  v a l u e s  of t h e  paramete rs  themselves w e r e  a l s o  s i m i l a r .  
These r e s u l t s  sugges t  a  mainly a u t o r e g r e s s i v e  model. The 
i n c l u s i o n  of t h e  p o s s i b l e  e f f e c t s  of educa t ion  on f e r t i l i t y  
does n o t  l e a d  t o  a  model t h a t  can e x p l a i n  t h e  e v o l u t i o n  o f  t h e  
b i r t h  r a t e  b e t t e r  t han  a  s imple  a u t o r e g r e s s i v e  model. 
5.  CONCLUSIONS AND TOPICS FOR FURTHER RESEARCH 
Even a  rough v i s u a l  i n s p e c t i o n  of t h e  t i m e - s e r i e s  d a t a  
on e d u ca t i o n  and f e r t i l i t y  i n d i c a t e s  t h a t  t h e  e d u c a t i o n a l  and 
demographic t r a n s i t i o n  p e r i o d s  c o i n c i d e .  Th i s  co inc idence  h a s  
a l s o  been d e t e c t e d  by o u r  model. The e s t i m a t i o n  exper iments  
a l s o  show t h a t :  
-- Although t h e r e  i s  a  r e l a t i o n  between s i n g l e  i n p u t  and 
o u t p u t  v a l u e s ,  t h i s  r e l a t i o n  i s  g e n e r a l l y  n o t  s i g n i f i c a n t .  
-- When dynamic p r o c e s s e s  a r e  cons ide r ed ,  t h e  s t r o n g e s t  
i n f l u e n c e  on f e r t i l i t y  s t e m s  from t h e  l agged  f e r t i l i t y  
v a l u e s .  Apar t  from a  pu re ly  s t a t i s t i c a l  i n t e r p r e t a t i o n  
i n  terms of a n  a u t o r e g r e s s i v e  p r o c e s s ,  w e  might a l s o  
i n t e r p r e t  t h i s  v a r i a b l e  a s  a  proxy t o  o t h e r  v a r i a b l e s  
d e s c r i b i n g  t h e  e f f e c t s  of s o c i a l  and economic f a c t o r s  
o t h e r  t h a n  ( b u t  p o s s i b l y  r e l a t e d  t o )  t h e  l e v e l  of edu- 
c a t i o n .  
-- The connec t ion  between educa t i on  and f e r t i l i t y ,  i f  any,  
p robab ly  works th rough  educa t i on  o f  ( p o t e n t i a l )  p a r e n t s  
r a t h e r  t h a n  through t h e  e f f e c t  of c h i l d r e n ' s  educa t i on  
on t h e i r  p a r e n t s .  E duca t i ona l  changes shou ld  t h e r e f o r e  
n o t  be expec ted  t o  have any i n f l u e n c e o n f e r t i l i t y  f o r  
abou t  10 y e a r s .  
These r e s u l t s  s u g g e s t  t h a t  f u r t h e r  r e s e a r c h  shou ld  con- 
c e n t r a t e  on t h e  f o l l o w i n g  a r e a s :  
-- The model shou ld  be expanded t o  i n c l u d e  o t h e r  soc io -  
economic v a r i a b l e s  and t h e i r  r e l a t i o n s h i p  t o  bo th  edu- 
c a t i o n  and f e r t i l i t y .  L ike ly  v a r i a b l e s  a r e :  
Economic growth,  measured by t h e  annua l  r a t e  of  growth 
of GDP. 
Technolog ica l  l e v e l ,  measured f o r  example by t h e  pro-  
d u c t i v i t y  of l a b o r  and c a p i t a l ,  a s  t h e  o p p o r t u n i t y  c o s t s  
of hav ing  c h i l d r e n  may be i n f l u e n c e d  by l a b o r  p r o d u c t i v i t y .  
S o c i a l  i n d i c a t o r s ,  e s p e c i a l l y  t h o s e  r e l a t i n g  t o  t h e  s t a t u s  
of women i n  s o c i e t y ,  a s  o u r  r e s u l t s  s u g g e s t  t h a t  d e c i s i o n s  
on f e r t i l i t y  a r e  based more on t h e  p a r e n t s '  economic/ 
s o c i a l / e d u c a t i o n a l  l e v e l  t han  on t h a t  of e x i s t i n g  o r  
p o t e n t i a l  c h i l d r e n .  
-- Further research shouldconsider a wider range of countries, 
- especially developing countries. This is particularly 
important if the model is to be used not only to explain 
the historical development of education and fertility, 
but also for policy decisions based on forecasts of 
demographic development and the possibility of influencing 
such development by educational means. 
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APPENDIX A: -ESTIMATION SOFTWARE 
A s p e c i a l  e s t i m a t i o n  program has been developed t o  e s t ima te  
t h e  parameters  of t h e  l i n e a r  f i l t e r  system de f ined  i n  equa t ion  
( 5 ) .  A s  o u t l i n e d  i n  Sec t ion  2 . 2 ,  t h e s e  e s t i m a t e s  a r e  made by 
minimizing t h e  v a r i a n c e  ( o r  a l t e r n a t i v e l y  t h e  sum of squa re s )  
of t h e  r e s i d u a l  v e c t o r  u t ,  t = 1 , 2 ,  ..., T . The conjuga te  g r a d i e n t  
method. i s  used t o  perform t h e  op t imiza t ion .  
The program o p e r a t e s  on a  s e q u e n t i a l  d a t a  f i l e  t h a t  may 
c o n t a i n  s e v e r a l  t ime  s e r i e s  i n  some f i x e d  format  wi th  each 
l i n e  con ta in ing  t h e  obse rva t ions  f o r  one pe r iod .  The u s e r  may 
s p e c i f y  which v a r i a b l e s  a r e  t o  be used a s  i n p u t  and o u t p u t  
s i g n a l s .  I f  a  v a r i a b l e  i n  t h e  f i l e  con ta ins  a  t ime index 
(yea r  number), t h i s  v a r i a b l e  may be used t o  s e l e c t  a  s p e c i f i c  
s u b s e t  of pe r iods  f o r  which t h e  e s t i m a t e s  a r e  t o  be made. 
The program can be run e i t h e r  i n t e r a c t i v e l y  o r  non- 
i n t e r a c t i v e l y .  I n  t h e  i n t e r a c t i v e  mode, t h e  program poompts 
t h e  u s e r  f o r  c o n t r o l  parameters  and echoes back t h e  va lues  
accepted.  I n  t h e  non- in t e r ac t ive  mode, t h e  c o n t r o l  parameters  
should be read  from a  f i l e  ( v i a  i n p u t  r e d i r e c t i o n ) ,  t h e  prompts 
and t h e  l i s t e d  va lues  forming a  p ro toco l  of  t h e  run t h a t  may 
be saved on a  f i l e  v i a  ou tpu t  r e d i r e c t i o n .  
The fo l lowing  l i s t  g i v e s  a  b r i e f  d e s c r i p t i o n  of a l l  prompts 
i s sued  by t h e  program and a  s h o r t  d i s c u s s i o n  of t h e  parameters 
t o  be en t e red  a f t e r  each prompt. 
Spec i fy  name of problem 
The problem name i s  an a r b i t r a r y  s e r i e s  of up t o  80 c h a r a c t e r s  
t h a t  is  p r i n t e d  a t  t h e  t o p  of each page of ou tpu t .  
name of d a t a  f i l e  
The name of t h e  f i l e  from which t h e  i n p u t  and ou tpu t  s i g n a l  
va lues  a r e  t o  be read .  
format of f i l e  
The format of each l i n e  i n  t h e  f i l e  i n  s t anda rd  FORTRAN 
n o t a t i o n .  Note t h a t  t h e  s p e c i f i c a t i o n  must be enc losed  
i n  paren theses .  

*****Cont ro l  parameters  f o r  i t e r a t i o n * * * * *  
Four c o n t r o l  parameters  a r e  used t o  c o n t r o l  t h e  op t imiza t ion  
process .  They a r e :  
acc  : Stopping c r i t e r . i o n .  Opt imizat ion s tops .  i f  t h e  sum 
of a l l  components in t h e  g r a d i e n t  i s  sma l l e r  than  
acc .  1.e-6 i s  a  s u i t a b l e  va lue .  
maxfn: Maximum number of c a l l s  bo t h e  o b j e c t i v e  f u n c t i o n .  
I f  t h i s  l i m i t  i s  exceeded, t h e  i t e r a t i o n  process  
i s  t e rmina ted  abnormally. 
dfpred:  A rough e s t i m a t e  of t h e  r e d u c t i o n  i n  t h e  o b j e c t i v e  
va lue  from t h e  s t a r t i n g  p o i n t  t o  t h e  optimum. Good 
r e s u l t s  have been ob ta ined  wi th  a  va lue  of 2 . 0 .  
dfpr2:  The e s t ima ted  r educ t ion  i n  o b j e c t i v e  va lues  when 
t h e  r e s u l t  of a p r e v i o u s  e s t i m a t i o n  i s  used a s  a  
s t a r t i n g  va lue .  A low va lue  (1.e-5) should be 
s p e c i f i e d .  
A l l  parameters  must be e n t e r e d  on one l i n e  i n  t h e  o r d e r  
s p e c i f i e d  above. For f u r t h e r  in format ion  on t h e s e  parameters ,  
s e e  t h e  IMSL documentation on r o u t i n e  ZXCGR. 
i t e r a t i o n  log  i n t e r v a l ,  l e v e l  ( 1  , 2 , 3 , 4 )  
I n  t h e  i n t e r a c t i v e  mode, t h e  program enables  t h e  u s e r  t o  
monitor t h e  i t e r a t i v e  process  used i n  op t imiza t ion .  I f  a  
va lue  n  > 0  is s p e c i f i e d  f o r  t h e  i t e r a t i o n  log  i n t e r v a l ,  
c e r t a i n  in format ion  s p e c i f i e d  by t h e  l og  l e v e l  i s  p r i n t e d  
every n  i t e r a t i o n s .  I f  0  i s  s p e c i f i e d ,  no i t e r a t i o n  
log  i s  p r i n t e d .  
The i t e r a t i o n  log  l e v e l s  0  t o  4 w i l l  produce t h e  fo l lowing  
ou tpu t  : 
< 0  - no in format ion  i s  p r i n t e d  
1 - i t e r a t i o n  number and va lue  of o b j e c t i v e  f u n c t i o n  
2 - a s  i n  1 p l u s  t h e  parameter va lues  
3  - a s  i n  2 p l u s  t h e  g r a d i e n t  v e c t o r  
4 - a s  i n  3  p lus  t h e  v e c t o r  of  r e s i d u a l s  
o b j e c t i v e  f u n c t i o n  
The va r i ance  is  s e l e c t e d  by typ ing  v ,  t h e  sum of squared 
r e s i d u a l s  by typ ing  s .  
* * * * * T e s t  O p t i o n s r * * * *  
T e s t s  a r e  performed i f  t h e  cor responding  q u e s t i o n  (see below) 
is  answered w i t h  y  ( y e s ) .  They a r e  n o t  performed i f  t h e  
answer is  n  ( n o ) .  I f  any o t h e r  r e p l y  is  g iven ,  t h e  program 
r e p e a t s  t h e  prompt. 
Perform ex a n t e  t e s t  
An ex-ante s i m u l a t i o n  ( l agged  o u t p u t  v a l u e s  a r e  t aken  from 
s i m u l a t i o n s  of p r ev i o us  p e r i o d s )  i s  performed and t e s t  
s t a t i s t i c s  (RMSE, MAD, s m a l l e s t  and l a r g e s t  d e v i a t i o n s  ... ) 
a r e  computed. 
Perform. ex  p o s t  t e s t  
Same a s  above f o r  an ex-post  s i m u l a t i o n  ( a c t u a l  v a l u e s  a r e  
used f o r  t h e  lagged o u t p u t  s i g n a l ) .  
P l o t  obse rved  and e s t i m a t e d  d a t a  
A p l o t  of t h e  a c t u a l  and s imu la t ed  o u t p u t  s i g n a l s  i s  produced.  
Perform a n a l y s i s  on r e s i d u a l s  
Computes and t a b u l a t e s  t h e  au tocova r i ance ,  a u t o c o r r e l a t i o n  
and p a r t i a l  a u t o c o r r e l a t i o n  f u n c t i o n s  f o r  t h e  r e s i d u a l  v e c t o r .  
P l o t  r e s i d u a l s  
Genera tes  a  g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h e  r e s i d u a l  v e c t o r .  
Same tests f o r  p r e d i c t i o n  pe r i od?  
I f  n o t  a l l  t h e  d a t a  r e a d  i n t o  t h e  program have been used f o r  
e s t i m a t i o n ,  d a t a  p o i n t s  f o r  p e r i o d s  fo l l owing  t h e  e s t i m a t i o n  
p e r i o d  can be used t o  d e f i n e  a  p r e d i c t i o n  p e r i o d  f o r  which 
t h e  same s i m u l a t i o n s  and tes ts  may be performed. 
Copy o u t p u t  t o  f i l e ?  
I f  t h e  program i s  run  i n t e r a c t i v e l y ,  a l l  o u t p u t  is  s e n t  t o  t h e  
t e r m i n a l .  To make a  copy of t h i s  o u t p u t  f o r  l a t e r  i n s p e c t i o n ,  
a  f i l e  name must be s p e c i f i e d  a f t e r  t h i s  prompt and t h e  pro-  
gram w i l l  w r i t e  a  copy o n t o  t h a t  f i l e .  I f  no such copy is  
d e s i r e d  (which w i l l  be t h e  u s u a l  c a s e  i f  t h e  program is  run  
n o n - i n t e r a c t i v e l y ) ,  an a s t e r i s k  ( * )  must be  s p e c i f i e d .  
t y p e  of r u n  
Three  k i n d s  of e s t i m a t i o n  exper iment  can be performed: 
s - s t a n d a r d  e s t i m a t i o n  
One e s t i m a t i o n  i s  performed f o r  a  s p e c i f i e d  s u b s e t  of 
t h e  d a t a  r e ad .  
e  - expanding sample 
S t a r t i n g  wi th  a  s p e c i f i e d  s u b s e t  of t h e  d a t a ,  a  sequence 
of e s t i m a t i o n s  i s  performed. I n  each e s t i m a t i o n ,  one 
per iod  i s  added t o  t h e  sample u n t i l  a l l  d a t a  p o i n t s  a r e  
inc luded  i n  t h e  sample. 
m - moving window 
This  method i s  s i m i l a r  t o  expanding sample e s t i m a t i o n ,  
bu t  i n  each e s t i m a t i o n  t h e  f i r s t  per iod  of t h e  previous  
e s t i m a t i o n  i s  dropped from t h e  sample,  s o  t h a t  t h e  sample 
s i z e  remains t h e  same i n  a l l  e s t i m a t i o n s .  
Depending on t h e  type  of run s e l e c t e d ,  one of t h e  fo l lowing  
prompts i s  i s sued :  
s i z e  of e s t i m a t i o n  pe r iod  
The number of obse rva t ions  f o r  which a  s t anda rd  e s t i m a t i o n  
i s  t o  be performed. The. sample always s t a r t s  wi th  t h e  f i r s t  
per iod  a v a i l a b l e  and w i l l  con ta in  t h e .  s p e c i f i e d  number of 
obse rva t ions .  
s t a r t i n g  sample s i z e  
The s i z e  of t h e  f i r s t  sample t o  be used i n  an  expanding 
sample a n a l y s i s .  The sample w i l l  always s t a r t  w i th  t h e  
f i r s t  per iod  s t o r e d .  
window s i z e  
The number of obse rva t ions  t o  be used i n  each e s t i m a t i o n  
i n  a  moving window a n a l y s i s .  
APPENDIX B: PAFAMETER ESTIMATIONS 
F r o m  To 
1 8 7 5  1 9 1 5  
1 3 7 6  1 9 1 6  
1 8 7 7  1 0 1 7  
1 8 7 3  1 9 1 2  
1 3 7 9  1 9 1 0  
i e a o  1 9 2 0  
1 8 8 1  1 9 2 1  
1 3 3 2  1 9 2 2  
1 3 6 3  1 9 2 3  
1 3 8 4  1 9 2 4  
1 8 8 5  1 9 2 5  
1 8 8 6  1 9 2 6  
1 3 8 7  1 9 2 7  
1 8 8 8  1 9 2 8  
1 8 8 9  1 9 2 9  
1 8 9 0  1 3 3 0  
1 8 9 1  1 9 3 1  
1 8 9 2  1 9 3 2  
1 8 9 3  1 9 3 3  
1 8 9 4  1 9 3 4  
1 8 9 5  1 9 3 5  
1 8 9 6  1 9 3 6  
1 8 9 7  1 9 3 7  
1 8 9 8  1 3 3 8  
1 8 9 9  1 9 3 9  
1 9 0 0  1 9 4 0  
1 9 0 1  1 9 4 1  
1 9 0 2  1 3 4 2  
1 9 6 3  1 0 4 3  
1 9 0 4  1 0 4 4  
1 9 0 5  1 9 4 5  
O b j e c t i v e  
0.3303e- '34 
0.41 6 0 8 - 0 4  
0 .4C05e-04  
0 . 5 9 7 8 e - 0 4  
0 .6961  e - 0 4  
0.7C15e-04 
0 . 7 2 6 1 e - 0 4  
0 .72S6e-04  
0.761 3e- '34 
0.77t14e-04 
0 . 7 7 7 0 e - 0 4  
3 .7635e-04  
0 . 7 6 6 7 e - 0 4  
0.7163e-C14 
0 .715Oe-04  ' 
0.721 8 e - 0 4  
0 . 7 2 5 6 e - 0 4  
0 . 7 2 6 7 e - 0 4  




0 . 9 9 5 4 e - 0 4  
9 .1173e-03  
0.1 1 3 2 a - 0 3  
9 . 1 1 1 0 e - 0 3  
0 . 1 1 0 2 e - 0 3  
9 .1163e-P3  
0 .1142e-03  
3.11 3 3 e - 0 3  
0 . 1 2 2 1  e - 0 3  
p r o c e s s  o r d o r :  C 
r q s e - p o s t  m a d - p o s t  c C t - t e s t  
O.ZC28e-01 0 . 1 9 4 L e - 0 1  -0 .6721  e - 0 1  -0 .6857e-03  
O.ZGS5e-01 0 . 1 9 8 3 e - 0 1  - 9 . 6 7 2 1 e - 0 1  - 0 . 7 4 8 7 e - 0 3  
n. 21 3 Q e - 0 1  9 . 2 0 2 1  e -01  - 0 . 6 7 2 1 e - 0 1  -0 .8207e-03  
O.2227e-91 O.2C8Qe-01 -9 .6721  e - 3 1  - 0 . 9 0 0 5 e - 0 3  
n .3353e-01  0 . 3 2 4 8 e - 0 1  -9 .9334e-01  -0.1 3 7 9 e - 0 2  
0 . 3 3 4 5 e - 0 1  n. 3 2 3 3 e - 0 1  -0 .9334e-91  -0.1 5 3 1  e -02  
0 .3Z15e-01  0 .3206e-01  - 0 . 9 3 3 4 e - 0 1  - 3 . 1 7 0 1 e - 0 2  
0 .32640-01  0 . 3 1 5 1 ~ - 0 1  -0 .9334e-01  - 0 . 1 8 9 7 e - 0 2  
0 . 3 2 3 3 e - 0 1  0 . 3 1 1  3 e - 0 1  - 0 . 9 3 3 4 e - 0 1  -0 .2116e-02  
n . 3 2 0 9 e - 0 1  0 . 3 0 8 7 e - 0 1  - 0 . 0 3 3 4 e - 0 1  - 0 . 2 3 6 2 e - 0 2  
0 . 3 1 0 4 e - 0 1  0.3C70e-01 - 0 . 0 3 3 4 e - 0 1  -0 .2645e-02  
TJ. 3 1  6 3 e - 0 1  3 .3040e-01  - 9 . 9 3 3 b e - 0 1  -0 .298Le-02  
0 . 3 1  51 e - 0 1  0 . 3 0 2 7 e - 0 1  - 0 . 9 3 3 4 e - 0 1  -0 .3355e-02  
O.2Q38e-01  9 . 2 5 1 3 ~ - 0 1  -9 .8505e-01  - 0 . 3 4 4 0 e - 0 2  
0 .2Q33e-91  0 .2Z08e-01  - 9 . 8 5 0 5 e - 0 1  - 0 . 3 8 5 5 e - 0 2  
0 .2915e-01  0 .2788e-01  -0 .8505e-31  - 0 . 4 2 8 9 9 - 0 2  
n . 2 8 0 4 e - 0 1  0 . 2 7 6 6 e - 0 1  -0 .8595e-01  -0 .4692e-02  
0 . 2 8 0 2 e - 0 1  0 . 2 7 6 4 e - 0 1  - 0 . 8 5 0 5 e - 0 1  - 0 . 5 0 9 9 e - 0 2  
0 . 2 9 6 4 e - q 1  q . 2 7 3 0 e - 0 1  -0 .E505e-01  - 0 . 5 4 6 1 e - 0 2  
0 . 2 7 8 3 e - 0 1  0 .2645e-01  -0 .8505e-01  - 0 . 5 1 7 7 e - 0 2  
0 . 2 6 5 6 e - 0 1  0 .2490e-01  - 9 . 7 8 6 6 e - 0 1  - 0 . 4 3 9 5 e - 0 2  
0 .2531  e - 0 1  O.2400e-01 -0 .693Qe-01  -0 .3481e-92  
n. 2561 e -01  0 .235Qe-01  -0 .693Qe-01  -3 .3022e-02  
0 .2540e-01  0.231 6 e - 0 1  -13.69 3 5 e - 0 1  - 0 . 2 5 8 0 e - 0 2  
0 . 2 5 4 6 e - 0 1  0 . 2 3 1 3 e - 0 1  - 9 . 6 3 2 3 e - d l  - 0 . 2 2 2 9 e - 0 2  
0 . 2 5 5 0 e - q 1  0 . 2 3 2 3 e - 0 1  - 0 . 6 3 2 3 e - 0 1  - 9 . 1 9 2 8 e - 0 2  
0 .253Re-01  0 . 2 3 4 7 e - 0 1  - 0 . 5 5 9 3 e - 0 1  - 0 . 1 6 1 1 e - 0 2  
0 . 2 t L 3 e - 0 1  0 .Z413e-q1  -0 .5593e-01  -0.1 5 1 7 e - 0 2  
9 . 2 6 5 1 e - 0 1  O.2L26e-01 -0 .5593e-01  - 0 . 1 4 2 9 e - 0 2  
0 . 2 6 5 7 e - 0 1  5.2435e- t11 - 0 . 5 5 9 3 e - 0 1  -0.1 3 8 3 e - 0 2  
0 .2651  e - 0 1  f?. 2 4 1 0 e - 0 1  - 0 . 5 5 9 3 e - 0 1  - 0 . 1 3 2 o e - 0 2  
F i n l a n d ,  l a g  5 y e a r s ,  1 8 8 0 - 1 0 4 5  p r o c e s s  o r d e r :  9  
F r o m  To 
1 8 8 0  1 9 2 0  
1 8 3 1  1 3 2 1  
1 8 8 2  1 9 2 2  
1 8 5 3  1 9 2 3  
1 8 3 4  1 9 2 4  
1 8 3 5  l o 2 5  
1 8 2 6  1 7 2 6  
1 3 3 7  l o 2 7  
1 8 8 8  1 9 7 6  
1 2 8 9  1 9 2 0  
16YO 1 Y f C  
1 3 9 1  1 0 3 1  
1 6 9 2  '1952  
1 8 9 3  1 9 3 3  
1 8 9 4  1 9 3 4  
1 8 9 5  1 9 3 5  
1 8 9 6  1 3 3 6  
1 8 9 7  1 9 3 7  
1 8 3 2  1 9 3 2  
1 3 3 9  1 9 3 9  
l Y ~ 0  194C 
1 3 0 1  1 9 4 1  
1 9 0 2  1 9 4 2  
1 9 0 3  1 3 4 3  
1 9 0 4  104: 
1 0 0 5  1 7 4 5  
Oh j e c t i v e  
0 . 6 7 2 2 ~ - 9 4  
3 . 6 F 3 9 e - 0 4  
0 . 6 7 6 7 e - 0 4  
'1.6F39e-04 
3 . 6 Q 0 9 a - 9 4  
3 . 6 q O l e - 0 4  
9.71fl:e-'74 
9 . 7 5 ? 4 e - 0 4  
0 . 7 F h 7 s - 0 b  
0 .Z215e-04  
r).!41 Se-04  
0 .7c37e-C4 
0 .72R0e-n4  
0 . i 7 L 5 e - 0 4  
0 . 7 2 3 5 3 - 0 4  
n .7150e-04  
n . 7 5 7 4 e - 0 4  
0 . 9 Z 3 5 e - 0 4  
0.71 '?"e-f14 
9 .12q3e- r )3  
P.1254e-C)3 
9 . 1 6 5 1  e - 0 3  
r). 1 6 1  0 9 - 0 3  
(3.171 2 e - 0 3  
'3.171 5 e - 1 3  
C .  1 0 - 5 e - 9 3  
r ~ s e - g o s t  s a d - p o s t  c 0 t - t e s t  
0 . 4 3 8 2 e - 0 1  '0 .4305e-01 - 3 . 1 0 3 0 e + 0 0  - 0 . 1 0 4 4 9 - 0 2  
0 . 4 3 0 6 e - n l  0 . b 3 1 8 e - 9 1  -0 .1  0 3 0 e + 0 0  -0.1 14Oe-02  
0 .4301  e -01  0 .L313e-91  - L 1 0 3 0 e + 0 0  -0.1 2 4 9 e - 0 2  
0 .4407e-C1 0 .4329e-91  - '3.1C30e+90 -0 .1371  e - 0 2  
0 .L411e-01  0 . 4 3 3 2 e - 0 1  - r?.1030e+00 - 0 . 1 5 1 5 e - 0 2  
0 . 4 4 1 4 e - 3 1  3 .4335e-01  - 0 . 1 0 3 0 e + 0 9  - 0 . 1 6 8 2 e - 0 2  
0.43ROe-01 9 .4208e-01  - 0 . 1 0 3 0 e + 0 0  - 0 . 1 8 6 9 e - 0 2  
r?. L 3 5 5 e - 0 1  ? .4267e-01  - 0 . 1 0 3 0 e + 0 0  - 0 . 2 0 8 3 e - 0 2  
n. 4 3 4 2 e - 0 1  0 .4251e-31  - 0 . 1 0 3 0 e + 0 0  -0. 2 3 2 3 e - 0 2  
9 .4322e-01  '3 .4226e-01 -0 .1030e+OJ - 0 . 2 5 9 3 e - 0 2  
0.42Q4e-Q1 0 .41?5e-01  - 0 . 1 0 3 0 e + 0 0  - 0 . i 9 0 6 e - 0 2  
O.LC04a-01 0 .3004e-01  - 0 . Q 4 7 3 e - 0 1  - 0 . 2 9 3 5 e - 9 2  
O.bC12e-Ol C!.3712e-01 -0 .037Se-01  - 0 . 3 3 5 6 e - 0 2  
?. 3CP4e-01 0.3So6e-01 - 0 . 9 3 7 3 8 - 0 1  - 0 . 3 7 7 2 e - 0 2  
0 .3938e-01  0 . 3 $ & 5 e - 0 1  - 0 . 9 3 7 3 e - 0 1  - 0 . 4 2 2 7 e - 0 2  
0 . 3 E 3 3 e - 0 1  0 . 3 7 9 0 e - 0 1  - 0 . 9 3 7 8 e - 0 1  - 0 . L 7 0 2 e - 0 2  
0 . 3 P 5 0 e - 3 1  0 . 3 7 5 0 e - 0 1  - 0 . 9 3 7 8 e - 0 1  -0 .5143e-02  
q.?eno,-nl 0 . 3 6 0 o e - g 1  -? .9373e-01  - 0 . 5 5 8 0 e - 0 2  
O.?043e-F1 0 .351  5 3 - 3 1  -0.  9 5 9 3 e - 0 1  - % 5 4 8 1  e - 0 2  
? .3547 ,2 -31  0 . 3 3 7 5 c - 3 1  - 9 . 7 Q 6 3 e - 0 1  - 0 . 4 8 2 2 e - 0 2  
0 . 3 4 7 4 e - C l  2 . 3 2 3 S e - 0 1  -n. 7 3 3 Q e - 0 1  -0 .LOSl  e - 0 2  
9 . 3 3 7 0 e - 0 1  ? .3169e-31  - 9 . 6 2 7 7 e - 0 1  - 0 . 3 1 3 5 e - 0 2  
c .  3 1 r J 5 e - n l  9.31 8 1 e - 9 1  -0.0277.-01 - 9 . 2 7 2 2 e - 0 2  
0 . 7 ? 7 4 e - q 1  (3.3127e-q1 - 0 . 5 7 8 6 e - 3 1  -0.21 4 3 e - 0 2  
r ) .3370n-n1 0 .311  5 s - C l  -C).50536-'31 -0 .1735e-02  
0 . f L l O e - 3 1  9.3122e-C!1 - 0 . 4 3 6 5 e - 9 1  -0.1 3 2 7 e - 0 2  
F i n l a n d 0  l a g  1 0  y e a r s ,  1885-1945 p r o c e s s  o r d e r :  O 
N r .  From To 
1  1885 1925 
2  1886 1926 
3  1857  1927  
4 1838 1 9 2 3  
5  1889 1929  
6  18YO 1730 
7 1891 1031  
8  1892 1932 
9  1893  1 9 3 3  
1 0  1994 1934 
11 1995 1935  
1 2  1896 1936  
1 3  1897 1937  
1 4  1899 1Y38 
1 5  1899  1039 
1 6  1900 1940 
1 7  1901 1341 
1 8  1902 1942 
1 9  1903 1 0 4 3  
20 1904 1944  
21 1905 1045 
3 b  j e c t i v e  
C .6454e-04 
C. .6 44,Je-q4 
0 . 6 4 0 3 ~ - 0 4  
Q.6433e-04 
0 , 6 4 7 5 e - 0 4  
0.661 4e-94 
0.7453e-04 
0  .?COSe-04 
0 .8176e-04 





3.1 120e-03  
O . l l 9 5 a - 0 3  





. . . . . . - 
rrnse-post  mad-post  c C t - t e s t  
?.6C60e-01 O.6007e-01 -0 .1243e+00  -0.1251a-02 
0.6C60e-Q1 9.6C06e-01 -0 .1243e+00 -0.1366e-02 
0.6C73e-01 Om6O1?e-01 -0 .1243e+00  -0.1496e-02 
0.6100e-01 0.6C47e-01 -0 .1243e+00  -0.1640e-02 
C).6rj04e-01 0.6041e-01 -0.1243e+0.0 -0.1813e-02 
0.5071e-01 9.6C16e-91 -0.12&3.e+00 -0.201 25-02 
0 .6026e-01 0.5963e-01 -0 .1243e+00  -0 .2234e-02 
0 .5633s-01 0.5562e-01 -7 .11 46e+00 -0 .2301e-02 
0 .5590e-91 0.5516e-01 -0 .1146e+00  -0.2566e-02 
0 .5516e-01 0.5442e-01 -3 .1146e+00 -0.2864e-02 
0 .5451e-01 0.5372e-01 - Q . l 1 4 6 e + 0 0  -0.3209e-02 
0 . 5 1 5 4 ~ - 0 1  0.5071e-01 -0 .1057e+00 -0.33400-02 
3.51160-01 C.5027e-01 -0 .1057e+03  -0.3753e-02 
0.4829e-01 C.4723e-01 -0.0627e-01 -0.3848e-02 
0 .4?08s-01 0.4690e-q1 -0 .9627e-01 -0 .4310e-02 
3.4C16e-C!l 0.4404e-01 -0.876!e-01 -0.4367e-02 
0.4LlOe-01 0 .4253e-01 -0 .7916e-01 -0.4321e-02 
0 .4432e-01 0 .4269e-01 -0 .7016e-01 -0.4603e-02 
0 .4 i35e-01  0.4107e-01 -0.7014e-01 -0.4456e-02 
0 .4159e-Ql  0.3?41e-01 -0.6157e-01 -0 .371le-02 
0.4COSe-01 0.3651e-01 -0.5612e-01 -0.31069-02 
F i n l a n d ,  l a g  1 5  y e a r s #  lEo0-1°45 p r o c e s s  o r d e r :  9 
N r .  From To O b j e c t i v e  
1  1890 1930  0.491 1  a-04 
2 1891 1931 0. LO21 e-04 
3  1392 1932 0.L390e-04 
4  1393  1 9 3 3  0  .LC1 6e-04 
5 1594 7934 0  .45'?:e-04 
b 1895 1035 0.4735e-04 
7  1396 1936  0 . 6 0 7 5 ~ - 0 4  
8 1897 1937 D,??OCe-CL 
Y 1892 193Z 0 . 1 1 ? t a - 0 3  
1 0  1899 1930  0.13?2e-CJ3 
11  1000 17LC 0.13151e-93 
12 l Q 0 1  1941 0.1620e-O3 
1 3  1902 1042 0.15"Je-Q3 
1 4  1903 1'43 0 .1654e-03 
1 5  1904 1 ? 4 4  0 .1754e-03 
1 0  1905 1045 O.ZCh5e-03 
N r .  From To O b j e c t i v e  
1 1 8 9 5 1 9 ? 5  0.2753e-04 
2 1896 1036 0.221 5e-04 
3 1397 1937  0.321 5e-04 
4 1898 1938  0 .3e62e-04 
5 1899 1939 0 . 6 3 9 0 ~ - ( 3 4  
b 190C 1940 0.6003e-r)4 
7 1901 lo41  0 .1363e-03 
3 1902 1942 0.1356e-03 
Y 1903 1943 0 .  1602e-33 
1 0  1904 1944 0 .1738e-03 
11  1905 1045 0 .2CSle-03 
r v s e - p o s t  mad-post  c 0  t - t e s t .  
0.7641e-P1 0 . 7 6 0 8 ~ - 0 1  -0 .1408e+00  -0.1406e-02 
0,76430-01 0.761 1  e-01 -0.1 4OSe+00 -0.1 534e-02 
7.7657e-01 9.7625e-31 -0 .1408*+00 -0 .1650e-02 
n .  7658e-Cl 1.7626e-01 -3 .1498e+00  -0.1342e-02 
0 . 7 5 0 5 ~ - 0 1  0.756oe-01 -0 .14080+00 -0.20359-02 
0.7534e-91 0 . 7 5 0 2 ~ - n l  -0 .1L09e+00 -0.2257e-02 
0.7468a-01 n .7422a-nl  -cJ.l40!3e+00 -0.2507e-02 
n .? l?Lc-r) l  0.7065e-!?l -%1341e+00  -0.2663e-02 
5. h239e-01 "61 Qte -Ol  -0 .11 21 e+00  -0.2496e-02 
n .  625?e-01 n .Cl47e-01 -C.11 Z l e + 0 0  -2.2734e-02 
0.6C27e-?l  1 .5013e-01 -0 .1051e+00  -0.2930a-02 
0.5504e-91 0 .53  55e-01 -". 8877e-91 -0.2797e-02 
0 .5522e-31 D.537Se-01 -0 .2877e-01 -0.3141e-02 
0.5500e-01 ? .534Se-ql  -0 .8877e-91 -0.Z529e-02 
0 . 5 1 3 0 e - V  0.44F5e-(31 -I? .  7471e-91 -0.3335e-02 
G.405'e-01 0 .4745e-01 -0.6710e-01 -0.3339e-02 
,1045 p r o c e s s  o r d e r :  0  
r n s e - p o s t  mad-post  c  0  t - t e s t  
Q. Q472e-01 0.0457e-01 -9 .1628e+00 -0.1 606e-02 
3 . 0 4 5 0 ~ - 3 1  0 .9435e- f l  -0 .1628e+00  -0 .1751e-02 
0.0400,-01 ~ 3 . 9 3 0 2 ~ - 3 1  -0 .1628e+00 -0 .1917e-02 
3.0355e-01 @.Q337e-01  -0 .1628e+00  -0.2101 e-02 
0.0395e-n1 0.F271e-01 -f3.1528e+01 -0.232Oe-02 
3. F223e-01 O . e l  Qle-Ol -0 .1  373e+00 -0.2198e-02 
q.7F76e-01 0.77809-g1 -0 .1303e+00 -0.2311e-02 
0.6070e-01 0.6272e-01 -0 .1066e+00 -O.212Oe-02 
0.6931 e-" 0.691 4e-nl  - Q . l 0 6 6 e + 0 0  -0.2363e-02 
0 .6220e-nl  P.6C70e-91 -%8643e-01 -0.2149e-02 
0.5043s-C1 0.5770e-Cl -0 .7957s-01 -0.2191e-02 
F i n l a n d 0  l a s  25 y e a r s ,  1900-1045 p r o c e s s  o r d e r :  0  
Nr. From To :I, i e c t i v e  r n s e - n o s ?  mad-post c 0  t - t e s t  
1  1900 1940 Q.7502e-04 ? . a?30e-71  O.u7629-01 -0 .1  51 5e+00  -0.1491e-02 
2 1901 1941 0 . 1 9 3 e - q 3  0.0744e-01 0.0ko2e-91 -? .1515e+00  -0.1626e-02 
3  1902 1?L2 ?.lCOZe-03 0.07Los-91 0 .9t93e-01 -? . I  51 5e+03  -C. l779e-02 
4 1003  1743  0.179-e-93 1. o716e-~I l  @.065oe-01 -0.1 51 5 e + 0 3  -0 .1  949e-02 
5 1004 1944 9.lZ?Oe-03 9.9402e-01 0.93300-01 -3 .1218e+00 -0.1748e-02 
b 1005 1945 O . l t ? l e - 9 3  0.7971e-01 0.7'459-01 - k 1 1 2 4 e + 0 0  -0.1705e-02 
r ? s  s - 7 2 5 :  t a d - p e l f  c '2 t - t a % :  
n *---,,,.i? 
. .  . n,  > ~ a 2 , - r l i  -p~,311d:?-n i  - . ) . ~ 0 3 0 ~ + 1 3 1  
1 1 - 1  'T * ?7?,J0-P1 - ?c >5,-.ll - 0 ,  5 3 7 z 9 + 0 1  
'I. 'f-,Je-fil y,:zu j a - r11  -.la j 7?*-1!1 -13. 5 S 3 Z 3 + ~ l  
1 - 0  n, : lL .q+-r l  -O..957q?-Q1 -<.L:L j++ar) l  
I ,  7 -  " ,7 :70n- i ! l  - . - . 0 ' ) ~ 7 ? - 3 1  -0.1 a S 2 a t f ) l  
!i, T':'s--l q , : b n ~ ? - . i l  - f l .  02 j 7 ? - 9 1  -0. 1 5 7 ~ ~ ~ 9 1  
r l ,  77 '1+-n l  n .  :: 9 z e - f i l  - A ,  0; $ 7 ? - O l  -Q. ?6,3)e+t)tj 
: l , ~ t C ; n - * ? l  n, 3 5 7 6 0 - 0 1  - 2 . Q l b f p - n l  - ( ? . 8 6 5 e + 1 ) 0  
1 7 7 1  -7,z51r:br-C11 -;, . a 2 6 7 ~ - "  -0 . C l 6 j e + Q 0  
q,  ? f i i ~ - . 7 1  n, :FnL&-'l l - ~ , ~ 2 5 7 . 3 - * ) 1  -g ,;652,+s)Q 
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France,  n o  l a g  1875-1945 p r  . o c e s s  o r d e r :  9 










1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
' 1 7  
1 8  














1875  1915  
1 8 7 6  1916 
1877  1 9 1 7  
1378  1 9 1 8  
1879. 1 9 1 9  
1 8 8 0  1920  
1881  1921  
1822  1922  
1883 1923  
1 8 8 4  1924  
1885 1925  
1886 1326  
1387  1 9 2 7  
1838  1928  
1889  1929  
1 8 9 0  1 9 3 0  
1891  1931  
1892  1932  
1893  1933 
1894 1934  
1895 1935  
1896 1936  
1 8 9 7  1 9 3 7  
1898  1938  
1899  1939  
1 9 0 0  1040  
1901  1941 
1902  1 9 4 2  
1903  1343  
1 9 0 4  1944  
1905  1945 






























0 .? 3 1  08-03 
0.1 3280-03 
r m s e - p o s t  mad-pos t  C O  
0.1347e-01 0.1098e-01 -0.5466e-01 
0.1650e-01 0.1 22Oe-01 -0 .54bba-01 
0.1570e-01 0.1 22Oe-01 0.5865e-91 
0.1563e-91 Q.1215e-01 0.5855e-01 
0.1534e-01 0.1224e-01 0 .6760e-01 
0.1 515e-01 0.121 0e -01  0.6740e-01 
0.1451e-01 O . l l 7 l e - 9 1  0.6740e-01 
0.1453e-01 0 .1129e-01 0.6740e-01 
0 .14356-01 0.1 104e -01  5.6740e-01 
0.1424e-01 0.1090e-01 0.6740e-01 
0.1 41 8e-01 0.1054e-Q1 9.6740e-01 
0.1446e-01 0.1107e-01 0.6740e-01 
0.14548-01 0.11 18e -01  0.6740e-01 
O.1458e-01 0.11 2be-01 0.6740e-01 
0.1 464e-01 0.1140e-01 0.6740e-01 
0.1465e-01 9.1 146e -01  0.6740e-Q1 
0.14668-01 0.1 150e -01  0.6740e-01 
0.1475e-01 0.1 173e -01  0.6740e-01 
0.140Ce-91 0.1 21 2e-01 0.6740e-01 
0.1 522e-01 0.1252e-01 0.6740e-01 
0.1563e-01 0.1 302e-01 0.6740e-01 
0.1007e-01 0.1351e-01 0.6740e-01 
9.1671 e-01 0.1 41?e-91 0.6740e-01 
0.1745e-01 0.1459e-01 0 .6740e-01 
0.1759e-01 0.1 539e-01 0.6740e-01 
0.1 i355e-01 0.1 603e-01 0.6760e-01 
0.1944e-91 0.1 675e-91 0.6740e-01 
. 0.2C09e-'31 0.17LOe-01 0.6740e-91 
0.2047e-01 0.17858-01 0.67406-01 
0.2079e-01 0.1 8259-01 0.6740e-01 
0.21 250-01 0.1 874e-01 0.67400-01 











1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  





1 8 8 0  1 9 2 0  
1881  1921  
1882 1 9 2 2  
1883  1923  
1 8 8 4  1 9 2 4  
1885 .1925 
1836 1 9 2 6  
1887  1 9 2 7  
1888  1928  
1889  1 9 2 0  
1 8 9 0  1 9 3 0  
1 8 9 1  1931 
1892  1032  
1893 1033  
1894  1934  
1895 1935 
1896  1936  
1397  1 9 3 7  
7898 1038  
1399  1939  
1 9 0 0  194C 
1901  1941  
1902 1942  
1903  1?43  
1 9 0 4  1944 
1905  1945  


























0.1 5 62e-03 
r m s e - p o s t  mad-pos t  c 0 
0.160Ce-01 0.1257e-01 -0.1017e+00 
0.1063e-01 0.1320e-01 -0.1 017e+00  
0.1753e-01 0.1363e-01 -0.9232e-01 
0.1743e-01 0.122Oe-01 -0.3397e-01 
0 .1777e-01 0.1250e-01 -0.3397e-01 
0.1784e-01 0.11 6 1  e-01 0.21 80e-02 
0.1731e-01 0.1158e-01 0.21806-02 
0.1786e-01 9.11 64e-01 0.21 80e-02 
0.1705e-01 0.1176e-01 0.2180e-02 
0.1811e-01 0.1198e-01 7.2180e-02 
O. lZ24e-01 0.1 21 7e-01 0.21 80e-02 
O. lZ43e-01 0.1252e-01 0.2180e-02 
O.1862e-01 0 .128 le -01  0.2183e-02 
O. lS9 l  e-01 0.1323e-01 0.21 80e-02 
0.1916e-01 0.1357e-01 0.21 80e-02 
0.1 953e-01 0.1405e-01 0.21 SOe-Q2 
0 .1937e-01 0.1461e-01 9.21 SOe-02 
0.2?23e-01 0.1509,e-01 0.21 3Oe-02 
0.2C62e-01 0.1 563e-01 0.21 806-02 
0.2101e-01 0.1622e-01 0.2180e-02 
0.2159e-01 0,1693e-01 0.21 80e-02 
O.2231e-01 0.178Oe-01 Q. 21 8Ce-02 
0.2280e-01 0.18470-01 0.21 80e-02 
0.2313e-01 0 .1904e-01 0.21 SOe-02 
0.2344e-01 0.1961e-01 O.2130e-02 
0.2369e-01 0.201 2e-01 0.21 30e-02 
































t - t e s t  


























France,  l a g  1 0  yea rs ,  1985-10L5 p r o c e s s  o r d e r :  0 
N r .  From To 
1 1885 1925 
2 1886 1026  
3 1887  1927 
4 1988 1 9 2 €  
5 1889  1929  
o l 8 9 C  1930  
7 1391 1971 
3 1892 1932  
9 1893 1933 
1 0  1894 1934  
1 1  1895 1935 
1 2  1396  1036  
1 3  1897  1957  
1 4  1898 1 9 3 8  
1 5  1899  1939  
1 6  1900 1 0 4 0  
1 7  1901  1941 
1 8  1 9 0 2  1942  
1 9  1903  1043 
20 1904  1944 
21 1905 1945 




















0.1 6 i 3 e - 0 3  
0.1 556e-03 
r m s e - p o s t  mad-post  c 0 t - t e s t  
0.1435e-01 0.995Le-02 -0.9798e-01 -0.5269e+00 
0.1523e-01 0.1 072e-01 -C. 9798e-01 -0 .L903e+00 
0 .1646e-01 0.1124e-01 -0.8874e-01 -0.3440e+00 
n. 1720e-01 0.11 24e-01 -0.2921 e-01 -0 .  e200e-01 
0.1771e-01 0.1176e-01 -0.2921 0-01 -0.60368-01 
0.1 809e-01 0.1 2246-01 -0.2037e-01 -0.3048e-01 
0.1830e-01 0.126Le-01 -0.2037e-01 -0.3075e-01 
0.1 854e-01 0.1 292e-01 -0.1033e-01 -0.1 51 2e-01 
O.l.?88e-01 0.1336e-01 -0.1083e-01 -0.1467e-01 
0 .1015e-01 0.1372e-01 -0.1083e-01 -0.1443e-01 
0.19546-01 0.1 422e-01 -0.1083e-01 -0.1448e-01 
0.1 Q86e-01 0.1472e-31 -0.1083e-01 -0.1 41 Ge-01 
0 .20 t3e -01  0.1 SZOe-01 -0.1083e-01 -0.1 41 Se-01 
O.ZC66e-01 0.1574e-01 -0.1083e-01 -0.1 403e-01 
0.210Qe-01 0.1634e-01 -0.1 083e-01 -0.1 365e-01 
0.2173e-01 0.1707e-01 -3.1083e-01 -0.1 305e-01 
0.2236e-01 0.1787e-01 - 0 . 1 1 3 6 ~ - 0 2  -0.129Oe-02 
0.2285e-01 0.1953e-01 -0.1136e-02 -0.1 26Ye-02 
0.231Se-01 0.1900e-01 -0.1136e-02 -0.1271e-02 
0 .23L8e-01 0.1967e-01 -0.11 36e-02 -0.1 2838-02 
n.2373e-01 0.201Qe-01 -0.1136e-02 -0.1 303e-02 
France,  l a g  1 5  years ,  1890-1945 p r o c e s s  o r d e r :  0 
N r .  From 
1 1EYO 
Z 1891  
3 1892 
4 1893  
5 1894 
6 1895  
7 1896  
8 1897  
9 1898  
1 0  1899  
1 1  1 9 0 0  
1 2  1901  
1 3  1902  
1 4  1903 
1 5  1904  
1 6  1905 








0.21 1 Se-03 
0.1995e-03 
O.l'J51e-03 






r rnse -pos t  mad-post  co  t - t e s t  
0.134Qe-01 0.8746e-02 -0.9889e-01 -0.53318+00 
0.1449e-01 0.9345e-02 -0.9889e-01 -0.4958e+00 
0.1 610e-01 0.1C29e-01 -0.0889e-01 -0.3837e+00 
0.1761e-01 0.1167e-01 -0.4334e-01 -0.1 21 6e+00 
0.1846e-01 0.1264e-01 -0.3337e-01 -0 . t885e-01 
0.1029e-07 0.1362e-01 -0.2555e-01 -0.38158-01 
0.1968e-01 0.1436e-01 -0.1 649e-01 -0.2483e-01 
0.2015e-01 0.1493e-01 -0.164Qe-01 -0.2295e-01 
0.2060e-01 0.1 559e-01 -0.7069e-02 -0.9547e-02 
0.2101e-01 0.1619e-01 -0.7069e-02 -0.93886-02 
0.21 60e-01 0.1689e-01 -0.7069e-02 -0.94148-02 
O.2229e-07 0.1774e-01 -0.7069e-02 -0.91 588-02 
0.2278e-01 0.1840e-01 -0.70698-02 -0.92088-02 
0.2312e-01 0.1896e-01 -3.7069e-02 -0.911 68-02 
0.2345e-01 0.1956e-01 -0.7069e-92 -0.8869e-02 
0.2373e-01 0.201 2e-01 -0.7059e-02 -0.8483e-02 
C r a n c e r  l a g  20 years ,  1895-1945 p r o c e s s  o r d e r :  0 
N r .  From To O b j e c t i v e  
1 1895 1935 0.16398-03 
2 1 8 9 6 1 9 Z 6  0.1 867e-03 
3 1897  1937  0.2121e-03 
4 1898 1038  0.!051e-03 
5 1839 1939  0.10268-03 
6 1900 194C 0.1927e-03 
7 1901  1941 0.1053e-03 
8 1902  1 9 4 2  O.1806e-03 
9 1.903 1943 0.171 0e-03 
1 0  1 9 0 4  1944  r). 1 6 2 6 ~ - 0 3  
1 1  1905 1945 0.1 540e-03 
r m s e - p o s t  mad-post  c 0 t - t e s t  
0.1531e-01 O.9593e-02 -0.8110e-01 -0.4350e+00 
0.1643e-01 0 . 1 0 3 2 ~ - 0 1  -0.8110e-01 -0.4044e+00 
0.1806e-01 0.11 59e-01 -0.71 19e-01 -0.2747e+00 
0.2C39e-01 0.1529e-01 -0.71 16e-02 -0.1982e-01 
0.2086e-01 0.1 595e-01 -0.71 16e-02 -0.1460e-01 
0.21 55e-01 0.1673e-01 -0.7116e-02 -0.1 058e-01 
O.2228e-01 0.1761e-01 -0.71 166-02 -0.1 066e-01 
0.2284e-01 0.1856e-01 0.1351e-02 0.1870e-02 
0.2316e-31 0.191 Ze-01 0.1351 e-02 0.1 815e-02 
0.23L6e-01 0.1969e-01 0.1351 e-02 0.1785e-02 
O.237le-01 0.2CZOe-01 0.1351e-02 0 . I 7 9 1  e-02 
France,  l a g  25 yea rs ,  1000-1945 p r o c e s s  o r d e r :  0 
N r .  From To 3b  j e c t i v e  r m s e - p o s t  mad-post  c c t - t e s t  
1 1900 1740  0.1 545e-03 0.1751e-01 0.1 279e-01 -Q. 6860e-01 -0.3651e+00 
2 1901 1941 O.1 t 5 3 e - 9 3  0. 1 c33e-01 '3.15746-01 -9.68606-01 -0 .3389e+00 
3 1902  1942  O.ZC30e-03 r). ZC80e-01 0.1525e-01 -0.5953e-01 -0.2277e+00 
4 1903  1943 0 . 1 7 t l e - 0 3  3.2331e-01 0.19?5e-01 0.401 1 e-02 0.1 107e-01 
5 1904  1944  0.1 6?Qe-03 @.2?58e-01 O.lqS3e-Ol 0.401 1 e-02 0.81738-02 
6 1905 1945 0.1537e-03 0 .2380e-01 0.2032e-01 0.4011e-02 0.5933e-02 
The r e s u l t s  f o r  F rance ,  p roces s  o r d e r  1, a r e  n o t  a v a i l a b l e  
Italy, no las / 1252-1945 pra ~cess order: 0 
Nr. From To O h  jective 
1 1802 19C2 0.45°6e-P4 
2 1363 1903 0.515-e-04 
3 1364 1YC4 0.4868e-04 
4 1865 19C5 0.4015e-04 
5 1366 1q06 0.5000e-04 
6 1867 l0C7 0.5250e-94 
7 1868 19C8 0.524te-04 
3 1369 1009 0.5C4Pe-04 
3 1370 1910 0.5030e-04 
10 1871 1911 0.5213e-04 
1 1  1372 1912 0.5246e-04 
12 1873 1913 3.5 51 2e-04 
13 1374 1914 g.5 E08e-04 
14 1375 1915 0.6167e-04 
1 5  1576 1916 0.52Q3e-OL 
16 1877 1017 0.1023e-q3 
17 1878 1918 0.1 531 e-03 
13 1879 1019 0.1362e-03 
1Y 1830 1920 0.15L8e-03 
20 1881 ln21 0.1 546e-OJ 
21 1832 1922 O.lt13e-03 
22 1883 1923 0.1 555e-03 
23 1384 1924 0.1 565e-03 
24 1835 1925 0.16R4e-03 
25 1886 ;926 0.1 t40e-03 
26 1887 1927 ?. 1 ?1 Qe-03 
27 1338 1928 0.1955e-03 
28 1389 1929 0.1065e-03 
29 1890 1030 0.1064e-03 
30 1301 1931 C.1067e-03 
31 1892 1932 0.1Y63e-03 
32 1803 1333 C. 1950e-03 
33 1594 1934 0.1 073n-03 
34 1895 1935 0.ZC56e-'33 
35 1896 1936 0.iCO5e-03 
36 1997 lo37 Q.ZC75e-03 
37 1896 1935 9.2103e-93 
38 1399 1939 0.2211e-03 
3u 1900 1Y40 0.21Ple-03 
40 1901 1041 '3.2Cn6e-03 
41 1002 1042 0.21 04e-93 
42 1903 1343 0.2146e-03 
43 1904 1344 Cl.271 7e-q3 
44 1905 13L5 O.ZFl?e-03 
rmse-post mad-post c C t-test 
0.2500~-01 0.2494e-01 -0.3648e-01 -0.6522e-02 
n.2546e-01 0.2443e-01 -0.3648e-01 -0.7607e-02 
0.2495e-01 0.2305e-01 -0.3645e-01 -0.8890e-02 
0.246Se-01 0.2366e-01 -0.3648e-01 -0.1058e-01 
0.2436e-q1 0.2329e-01 -0.3048e-01 -0.1 286e-01 
0.2390e-01 0.2277e-01 -0.3648e-01 -0.149Be-01 
3.2391 e-01 0.2279e-01 -0.3645e-01 -0.1 740e-01 
O.2308e-01 0.ZZQOe-01 -0.3648e-Q1 -0.2036e-01 
n.2390e-C1 '3. 2292e-01 -% 3648e-01 -0.2404e-01 
0.2304e-'71 0.2283e-01 -0.3648s-01 -0.2583e-01 
0.2303e-01 9.2281 e-01 -0.3648e-01 -0.3399e-01 
0.2363e-01 0.2249e-01 -0.3648e-01 -0.3946e-01 
0.2355e-01 O.2226e-01 -0.3648e-01 -0.4561e-01 
0.2'50e-01 0.2214e-01 -0.36L8e-01 -0.5188e-01 
0.1 L072-01 9.1321e-01 -0.11 84e+00 -0.1931e+00 
0.1 485e-01 0.1367e-01 -9.1 194e+00 -0.21 47e+00 
0.1 522e-f21 0.1 356e-01 -0.1 230e+00 -0.25*0e+00 
0.1103e-01 0.048Le-02 -0.1953e+00 -0.41 48e+00 
O.!Zi?oe-C1 0.1ClZe-01 -0.1953e+00 -0.4422e+00 
3.1335e-01 0.1G32e-01 -0.1953e+00 -0.4716e+00 
0.1304e-01 0.1076c-01 -0.1953e+00 -0.5302e+00 
0.1303e-01 0.1081e-01 -0.1953e+00 -0.6110e+00 
0.1399e-01 Q.lG35e-01 -0.1953e+00 -0.6930e+00 
0.1417e-01 0.1 107e-01 -0.1953e+00 -0.7771e+00 
0.1 447e-01 0.1137e-g1 -9.lQ53e+00 -0.8647e+00 
O.lG6Ze-01 0.1168e-01 -0.1953e+00 -0.9714e+00 
0.145Qe-01 n.1164e-01 -0.1953e+00 -0.1085e+01 
0.1457e-01 0.1157e-01 -0.1953e+00 -0.1174e+01 
0.1 456e-q1 0.11 56e-01 -q. 1Q53e+00 -0.1184e+01 
0.1461e-01 0.11 60e-01 -@.1953e+00 -0.1134e+01 
0.1L53e-01 3.1165e-01 -0.1953e+00 -0.1054e+01 
0.1462e-01 0.1171e-01 -0.1953e+00 -0.9587e+00 
0.1467e-Cl 0.1178e-@1 -3.1953e+00 -0.8545e+00 
0.1 50oe-01 3.1220e-01 -0.1953e+00 -0.6828e+00 
0.1526e-91 0. l2h3e-01 -0.1864e+00 -0.500Le+00 
0.1521e-01 0.7259s-01 -0.1760e+00 -0.39560+00 
Q.1531e-01 0.1283e-01 -0.1671e+00 -0.309Qe+00 
0.15 S6e-01 0.13LZe-01 -0.1571 e*00 -0.2485e+00 
q.14We-01 0.126le-Ol -3.1272e+00 -n.l494e+00 
0.1 476e-g1 9.124Qe-01 -O.l27Ze+QO -0.1232e+00 
0.1474e-q1 0.1244e-91 -0.1 272e+00 -0.1075e+00 
0.1 479e-01 q.125Oe-01 -0.1272s+00 -0.9726e-01 
0.1523e-01 3.1302s-01 -3.1272e+00 -0.9062e-01 
0.1587e-01 0.1347e-01 -O.l272e+00 -0.F630e-01 
I t a l y ,  l a g  5 yea rs ,  1?66-1945 p r o c e s s  o r d e r :  0 
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C .2751 e-03 













r m s e - p o s t  mad-post  c 0 t - t e s t  
Q.?636e-01 0.2535e-01 -7.2063e-01 -0.3137e-02 
3.2582e-P1 0.2472e-01 -0.2063e-01 -0.3687e-02 
0.2574e-01 0.2462e-01 -0.2063e-01 -0.4298e-02 
0.2574e-01 0.2462e-01 -0.2063e-01 -0.5022e-02 
I .  2567e-01 0.2454e-01 -0.2053e-01 -0.5973e-02 
9.2556e-91 9.24348-01 -0.2043e-01 -0.7258e-02 
0.2548e-01 0 .242 le -01  -0.2063e-01 -0.e455e-02 
0.2515e-01 1.23788-01 -0.2063e-01 -0.9821 e-02 
0.2406e-01 0.23458-01 -0.2063e-01 -0.1 149e-01 
0.2487e-01 0.2323e-01 -0 .2063e-01 -0.13588-01 
0.1325e-01 0.1180e-01 -0.9936e-01 -0.7965e-01 
n.1483e-01 9.1269e-01 -0.9936e-01 -0.9382e-01 
0.1253e-01 9.81 13e -02  -Q .I 792e+00 -0.1 971 e+00 
0.1?69e-01 9.8510e-02 -0.1792e+00 -0.2278e+00 
0.1350e-01 9.86460-02 -0.1792e+00 -9.2594e+00 
q.1'45e-01 0.8432e-02 -0.1792e+00 -0.2924e+00 
9.1330e-91 9.e799e-02 -O. l7QZe+00 -0.3255e+00 
9.1406e-31 0.9CQ4e-02 -0.1792e+00 -0.3561 e+00 
0.142Qe-91 9.9435e-02 -0.1792e+00 -0.3792e+00 
g . 1 4 5 1 ~ - 0 1  0.9752e-02 -0.1702e+00 -0.4042e+00 
0.1474e-Ol 0.1015e-01 -0.1792e+00 -0.4317e+00 
0.1 475e-01 0.101 be-01 -0.1702e+00 -0.4857e+00 
0.1475e-01 0.1015e-01 -0.1792e+00 -0.5598e+00 
0.1 507e-01 0.1 058e-01 -0.1792e+00 -0.6344e+00 
1.1 544e-01 0.1092e-01 -0.1702e+00 -0.7109e+00 
0.1625e-91 1.1168e-01 -0.1792e+00 -0.7899e+00 
0.1631e-01 0.1219e-01 -0.1792e+OO -0.8857e+00 
0.1712e-Ql 0.1259e-01 -0.1702e+00 -0.9877e+00 
g. 1718e-01 0.1 2718-01 -9.1792e+00 -0.1 068e+01 
0.1718e-01 0.1 260e-01 -9.1792e+00 -0.1078e+01 
0.1717e-01 9.1264e-01 -9.1702e+00 -0.1032e+01 
9.1717e-01 0.1 2648-01 -0.1792e+00 -0 .F594e+00 
0.1722e-01 0.1277e-91 -0.1 7 0 t e * 0 0  -9.8730e+00 
n.1730e-P1 0.1302e-01 -9.1792e+00 -0.7785e+00 
0.1601e-91 0.1 2 4 2 ~ - 0 1  -0.1279e+00 -0.4451e+00 
O. 1 687e -e l  '3.12268-91 -0.1 270e+00 -1).?421e+00 
n.1636e-01 0.1231e-01 -0.1279e+00 -0.2850e+00 
0.1 692e-01 0.1 240e-91 -9.1279e+00 -0.2365e+00 
0.1702e-01 0.1265e-01' -0.1 279e+00 -0.1898e+00 
9.1706e-01 0.1277e-01 - 0 . 1 2 7 0 ~ + 9 0  -0.1497e+00 





































rmse-post mad-post c 0 t-test 
0.2161e-01 0.2017e-Q1 -0.3496e-01 -0.5333e-02 
@ ,2162e-01 0.2017e-01 -0.34Q6e-01 -0.C270e-02 
0.21 42e-'71 0.1 9886-01 -0.3406e-01 -0.7310e-02 
0.2133e-g1 0.1968e-01 -0.54U6e-01 -0.E544e-02 
0.21 31e-01 0.1 9608-01 -0.3496e-01 -0.1017e-01 
0.21 46s-01 0.1 974e-01 -0.3496e-01 -0.1 236e-01 
0.1264e-01 0.9142e-02 -0.1096e+00 -0.4547e-01 
0.1526e-01 0.1034e-01 -0.1096e+00 -0.5275e-01 
0.1700e-01 0.1 107e-01 -0.1837e+00 -0.1033e+00 
0.1747.3-C1 0.1C52e-01 -0.1837~+00 -0.1223e+00 
0.1613e-01 0.05L7e-02 -0.1837e+00 -0.1 469e+00 
0.1 537e-01 0.0174e-02 -3.1537e+00 -0.1733e+00 
0.1561 e-01 0. e7Q5e-02 -0.1 837e+00 -0.201 4e+00 
0.1544e-01 0.f453e-02 -0.1337e+00 -0.2330e+00 
0.1543e-01 O.e398e-02 -0.1837e+00 -0.2651e+00 
0.1542e-01 0.e352e-02 -0.1837e+00 -0.29QOe+00 
0.1538e-01 0.e251e-02 -0.1837e+00 -0.3328e+00 
0.1538e-01 0.82338-g2 -0.1837e+00 -0.3643e+00 
0.153de-01 0. e259e-02 -C. 1837e+00 -0.3830e+00 
0.15L4e-Q1 9.8430e-02 -0.1837e+00 -0.4138e+00 
0.153Se-01 9.33Ole-02 -0.1837e+00 -0.4420e+QO 
0.1538e-01 0.e288e-02 -0.1837e+00 -0.4973e+00 
0.1554e-nl 0.85216-02 -0.1837e+00 -0.5729e+00 
0.1610e-01 0.915Ye-02 -0.1837e+03 -0.6487e+00 
0.1690e-01 O.oQ77e-02 -0.1837e+00 -0.7258e+00 
0.1 POZe-Ol 0.10888-01 -0.1 837e+00 -0.8055e+00 
0.1 e61 e-01 0.11 58e-01 -0.1 837e+00 -0.9028e+00 
O.lPe2e-01 @.1200e-01 -@.1837e+00 -0.1007e+01 
0.1 RS5e-01 0.1208e-01 -0.1 537e+00 -0.1089e+01 
0.1885e-01 O. 1203e-01 -0.1837e+00 -0.10Q8e+01 
O.1 b87e-01 0.1 21 1 e-01 -0.1 337e+00 -0.1052e+01 
0.leSEe-01 0.1214e-01 -0.1837e+00 -0.9780e+00 
0.1 !?'?he-01 0.1 234e-01 -0.1 837e+0U -0.8903e+00 
0.1 002e-01 0.1247e-01 -0.1 337e+00 -0.7939e+00 
0.1 902e-01 0.1248e-01 -0.1837e+00 -0.6358e+00 
Italy, lag 1 5  years, 1376-1945 process order:. r? 






























































rmse-post mad-post c 0 t-test 
0.1214e-01 0.0965e-02 -@.7830e-01 -0.1208e-01 
'7.1460e-01 0.1 1148-01 -0.7880e-01 -0.141 9e-01 
0.1 742e-01 0.1 254e-01 -0.7330e-01 -0.16538-01 
0.21 54e-01 0.1 344e-01 -0.1 551 e+00 -0.3864e-01 
0.21 03e-01 0.1 284e-01 -0.1581 e+00 -0.4604e-01 
0.1950e-01 0.1175e-01 -0.1581e+00 -0.55986-01 
0.1036e-91 0.1 134e-91 -0.1 531 e+00 -0.65248-01 
q. 1900e-01 0.1 004e-01 -0.1531 e+00 -0.7582e-01 
0.1 881 5-01 0.1 C69e-01 -0.1581 e+00 -0.8877e-01 
O.120Oe-01 0.1068e-01 -0.1 581 e+00 -0.1049e+00 
0.1301e-q1 0.1069e-01 -0.1581++00 -0.1259e+00 
0.1 e82e-01 0.1 C66e-01 -0.1 581 e+00 -0.1 484e+00 
0.1001e-01 9.1099e-@1 -0.1551 e+00 -0.17248+00 
0.1Q15e-01 Q.1130e-01 -0.1 581e+00 -0.1992e+00 
0.10?1e-31 0.1143e-01 -0.1 581e+00 -0.2266e+00 
0.1Q31e-01 0.1 162e-91 -0.1581e+00 -0.2554e+00 
n.lQL3e-?l 0.11PZe-01 -0.1551e+00 -O.i841e+00 
O.lo50e-01 0.1 21 Se-01 -0.1 581 e+03 -0.31088+00 
0.1054e-'?I 0.1 229e-01 -0.1 581e+00 -0.3310et00 
5.1955e-01 0.1 238e-01 -0.1 531 e+00 -0.3528e+00 
0.1 Q55e-01 0.1238e-01 -0.1531 e+00 -0.?768e+00 
0.1057e-01 0.1242e-01 -0.1 581 a+00 -0.4237e+00 
0.1968e-01 0.1264e-Q1 -0.158le+00 -0.4878e+00 
0.ZC05e-01 0.1313e-01 -0.1581e+00 -0.5521e+00 
O.ZC66e-01 0.1356e-01 -0.1581 e+00 -0.61 76e+00 
0.21 SOe-91 0.1487e-01 -0.1581e+00 -0.6843e+00 
n.Z270e-91 0.1 575e-91 -0.1 581 e+00 -0.7651 e+00 
0.2351e-01 9.1667e-01 -0.1531e+00 -0.8503e+00 
0.2416e-01 0.1732e-01 -0.1531 e+00 -0.9162e+00 
9.2460e-01 0.1794e-01 -0.1 581 e+00 -0.92?38+00 
I t a l y ,  l a g  2C y e a r s ,  1331-1°45 p r o c e s s  o r d e r :  0 
IJr. From To Oh j e c t i v e  
1 1331 1921 0.2El ?e-03 
2 1382 1922 0.2754e-r)3 
3 1383  1923  0.2690e-'33 
4 1384 1924 9.264qe-03 
' 5 1885 1925 0 .2644e-03 
b 1386 1926 0.2635e-(?3 
7 1887 1927 O.2C33e-03 
8 188Z lo2Z 0.2626e-(33 
9 1339 1929 0 .2642e-03 
1 3  189C 1?3C 2.262Oe-03 
1 1  1801 1071 0.2649e-93 
1 2  1802 1032 0.26642-03 
1 3  1393  1033  Q.26Sbe-03 
1 4  1394 1??4  Q.262Se-03 
1 5  1395 1735 0 .2503e-03 
1 6  1896  1936 P.2560o-03 
1 7  1 8 9 7 1 ? ? 7  0 .2515e-03 
1 3  1398  102'8 r) .247?e-03 
1 9  13Y9 l y ? ?  0.2466s-C3 
20 1000  1940  9 .2468e-03 
21 1901 1941 0 .2454e-03 
22 1902 1042 0.2440e-'?3 
23 ,1903 1743  0 .2482e-93 
24 1904 1944  0.2711e-03 
25 1905  1945 0.2QZ4e-03 
rmse-pos t  mad-post  c 0 t - t e s t  
q. 2326e-01 n.1610e-01 -0.1490e+O0 -0.2271e-01 
n. 22Sle-01 0.1 564e-01 -0 . lLqOe+00 -0.2671e-01 
n.223Qe-q1 0.1524e-01 - q . l 4 9 0 e + 0 0  -0.3114e-01 
O.?ZlZe-01 0.1408e-01 -0 .1490e+00 -0.?640e-01 
0.2207e-01 0.1 402e-01 -0 .1490e+00  -0.4331 e-01 
0.2200e-01 0.1484e-01 -0 . lL?Oe+00 -0.5264e-01 
0.21 97s-01 0.1 L32e-01 -0.14QOe+00 -0.61 31e-01 
O. 2219e-01 0.151 5e-01 -@.1490e+00 -0.71 20e-01 
0.22L2e-01 0.154Le-01 -0 .1490e+00 -0.8330e-01 
0.2257e-01 0.1570e-01 -0 .1490e+00 -0.9840e-01 
O.227Lc-01 0.1588e-01 -3 .1490e+00  -0 .1180e+00 
0 .231 2e-g1 0.1637e-01 -9 .1490e+00 -0.13qOe+00 
0.2342e-n1 3.1 682e-01 -0 .1490e+00 -0.1 61 2e+00 
0 .1372e-01 0. 1731 e-01 -9.14qOe+O0 -0.1862e+00 
i l .2300e-?l  0.1 766e-01 -Cl. 14QOe+00 -0.21 1 5 e + 0 0  
0 .2409e-01 0.lE01e-01 -0 .1490e+00  -0 .2382e+00 
0.2420e-01 0.1 S2Oe-91 - g .  1490e+00  -0 .264Se+00 
0.2424e-01 0.1844e-01 -0 .14909+00 -0.2896e+00 
0.2425s-01 Q. 15L3e-01 -O.lLQOe+OO -0.3082e+00 
0.2425e-01 O.lE48e-01 -0.14QOe+00 -0.3285e+00 
0.2b31 e-01 n.1 E59e-01 -0 .1490e+00 -0.3507e+00 
0.24L5e-01 0.1S7?e-'31 -0 .1400e+00 -0 .3938e+00 
9.25026-01 0.1943e-01 -0 .1490e+00 -0 .4522e+00 
O .2tZOe-91 0.2C38e-01 -0 .1490@+00 -0.5095e+00 
0.2768e-01 0.21b3e-01 -0 .1490e+00 -0 .5668e+00 



















1903  1943  
1 904 1 u44 
1905  1345 
rmse-pos t  mad-post  c 0 t - t e s t  
0.3C27e-01 0.2648e-01 -0.1 717e+00  -0.2603e-01 
Q.2Q93e-01 0.261Le-91 -0 . I  71 7e+Q0 -0.3059e-01 
0 .2Qol  e-01 0.2621 e-01 -0.171 7 e + 0 0  -0.3 56Le-01 
Q .  2co2e-01 O.2622e-01 -0.1 71 7e+00  -0.4162e-01 
0 .2036e-01 Q.2616e-01 -0 .1717e+00 -0.4951e-01 
n .  2043e-91 0.2597e-91 -0.171 7e+00  -9.601 0e-01 
I. 2a??e-Ol n. 2623e-01 -n . l717e+ '30 -0.699Le-01 
0.3C08e-01 0.2644e-C1 -0 .1717e+00 -0.81 15e-01 
0.3C28e-01 0.20379-01 -0 .1717e+00 -0.9486e-01 
3.3C37e-01 Q. 26779-Q1 -@.1717e+QO -0.1 1 TYe*00 
n .  3C46e-01 n. 2637e-01 -q. 1717e+00  -0.1 340e+00  
0.3050e-01 0.2702e-01 -0 .1717e+00 -0.1 577e+00 
0.3C54e-Cl 0.2711s-01 -0 .1717e+00 -0.1 829e+00 
".?C65e-Cl 0.271 2e-01 -'3.1717e+00 -0 .2110e+00 
O.?C65e-?l 0.2713e-01 -0 .1717e+00 -0 .2397e+00 
0.3CSOe-Ol 0.Z733e-01 -0 .1717e+00 -0 .2696e+00 
3. T0ol e-91 0.2750e-01 -0.1 71 7 e + 9 0  -0 .2994e+00 
0.Z112e-01 3.27339-01 -0 .1717e+00 -0 .?269e+00 
0 .31 34e-91 n. 2811 e-01 -0.1 717*+00 -0 .3475e+00 
0 .31 54e-01 C.  2F40e-01 -0 .1717e+00  -0.36?Re+OO 
N r -  F r n m  T n  f l h T s t  - - r n  
1 1865 19C5 0.1136e-93 0.4413e-01 C .4 i85e -91  -0.1402e-01 -0.1626e+01 
7 1 ~ ~ 6  1 9 ~ ~  n _ i i o i a - n 7  n . ~ m - n i  n 
- - -  
3 1867  19G7 9.1 253e-03 9.428Se-91 9.4141 e-91 -0.1402e-01 -0.2786e+01 
4 1868  19C3 j;/joe-n; q . ~ ? 2 7 ~ - n q  - .e- n l  - '7-1- - n l  - n-9- 
5 1869 13G0 9.1255e-Q3 0.4288e-91 0.4141e-91 -0.1402e-91 -0.3202e+01 
6 1570 191n  ? A  n . w  - n l m  - ,  I 1  - n.1- - n i  - 
7 1871 1911  0.1 293e-03 9.4142e-01 9.3Rq2s-01 -0.1906e-01 -0.5593e+01 
9 1877  1912  r ) - i i o i p - n 3  n -  7 9 d n  - n l  n - g l  - , ? ~ y ) 5 0 - n i  - 
9 1873  1013  9.1 246e-03 0.3943e-01 0.3775e-01 -0.2503e-91 -0.8485e+01 
i n  i n 7 ~  i o i ~  I u - n ~  - .  n - -  u - n i  n 7 7 ? ' o  - "1 - 7 7  - 1 - n 
- .  . -  - .  - - .  - - - -  , ..- 
1 1  1875 1915 0.7772e-04 O.ZE67e-01 0.272%-01 -0.7252e-01 -9.2623e+02 
1 2  1876  1916  9.1C34e-03 0.2e33e-CI Q.26780-01 -9.7252e-01 -0 .2739e+02 
1 3  1877  1 9 1 7  0.1941e-03 O.2257e-01 3.2C52e-.31 -0.1 106e*9O -9.41740+52 
1 4  1878 1918  O.2Z76e-03 0.1041e-91 0.16330-31 - 0 . 1 5 1 2 e + ~ G  -9.5804e+92 
15  1879  191 9 0.3151 e-03 9.1 933e-31 0.1451e-31 -9.1756e+03 -0.6936e+SZ 
1 6  1880  l ? 2 G  0.3C33e-03 0.1 e18e-01 9.1 448e-01 -0.1 766e+05 -0.7331 e+02 
1 7  1381 1921 0.3401e-93 0.1996e-91 0.15250-01 -2.1 756e+JO -0 .7?45e+02 
1 3  1882 1922  9.3553e-93 O.2110e-01 0.1624e-01 -0.1740e+00 -0.6311e+02 
1 7  1883 1023  9.Z452e-03 0.2155e-01 0.103Oe-01 -0.1717e+00 -9.5648e+02 
20 1884 1 9 2 4  0.Z470e-03 3.2155e-01 3.16720-01 -0.171?s+90 -9.4586e+02 
21 1835 1925  9.3677e-03 O.21660-91 0.168%-01 -0.1717e+00 -3.4402e+02 

I t a l y /  l a a  5 v e a r s ;  1865-1945 p r a r a + -  n r d ~ r :  1 
 From0 n h j a r t - i v a  r m u o - n n e +  
1 1865 10C5 0.2440e+08 0.5COle+04 @.5001e+04 0 .5@00e+90 0.2605e-09 
7 1866  1 9 ~ 6  0 - ~ 1 7 1 ~ - 0 ~  n . 7 ~ 5 7 ~ - n i  n.7~-  - n1 - - n:, - p ~ 7 0 ~ ~ + n n  
3 1867 1907  0.6611e-04 9.2951e-Q1 0.2334e-01 -0.3237e-02 -0.3860e+00 
4 1863 19P2 0,6601e-O4 0 -  ?QSLn-01 n 3 9 h P n - g l  -5 .2QLlp-flZ - Q ! .  
5 1869  19C0 O.C?lOe-04 0.2978e-01 0.2560e-01 -0.2041e-02 -0.21 52e+00 
6 1870  1910  1).6C576-fib 0 -  7CAAa-nl n - I P L . h ~ - q l  - a L l  c-02 -0- 
7 1871 1911 0.74000-04 0.2953e-31 O.ZE24e-'31 -9.20415-02 -O.C081e+00 
a l a77  1 9 1 2  fl-7X6t1n-flL n -  ? P G ~ P - n l  n , ? 7 f 8 n n l ~ 1 o n  - - - n 7  - n,1417,+nl 
9 1873  1913  0.a106e-04 0.2251e-01 0.2701e-01 -0.4219e-02 -0.1511e+01 
10 1874  1914  C].oO'iLe-04 n-7PTf60- r l l  0 - 7 6 ~ 7 0 - n l  -n -L71Qe-nZ -n-1- 
11  1875 1915 3.89510-04 0.2636e-C1 0.2511e-91 -0 .1048e-01 -0 .4279e+Ql  
1 7  1876  1016  n - f i S L n ~ - f i L  f l - 1 0 ? 7 e - f l l  fl-Qnl~dp- - - -0,- 
1 3  1377  1 9 1 7  0.1371e-03 0.12926-01 0.1G33e-01 -Q. 11 58e+00 -0.6007e+02 
1 4  1878  1918 n - ? l ~ i 0 - n 7  n - . r s w n - n i  n 1171, - n1 - u l-W - ~ - u 4 h a z -  
15  1870 1913  0.1718e-03 0.1727e-01 0.1292e-91 -9.2216e+00 -0.12039+03 
- - n l  -fi. - 
1 7  1831  1921 O. lQ05e-03 0.1632e-01 0.1237e-01 -3 .221Le+g@ -0.1152e+03 
1 8  1832  1922  0.2147e-03 0.1C54e-01 0.1 248e-91 -%2214e+00 -0.1065e+03 
1 9  1333 1923  0.2371 e-03 0.1677e-g1 0.1 254e-01 -0.21 91 e+00 -0.1 220e+03 
1884  1924  0.2440e-33 0.1e49e-31 0 . 1 1 9 1 ~ - 0 1  -0.2084e+QO -0.1084e+03 
21 1385 1925 0.2508e-03 0.16169-01 0.1 113e-01 -9.1 966e*00 -0.1 055e+03 
1886 l ?  6 8 9 . 1 8 9 7 e + g O  -0.9783e+02 
23 1867 1 9 2 7  0.2551e-03 0.1C16e-01 O . l t 9 0 ~ - Q 1  -0.1875e+00 -0.7406e+02 
24 1888  1 0 2 s  0 .251 te -03  9.1 606e-01 0.1086e-31 -5.1851 e+00 -0.9482e+O2 
25 1859  1929 O.25?5e-03 0.1 C34e-91 9.1143e-01 -9.1351 e*09 -0.7Y04e+02 
26 1890 1 9 3 0  0.2731e-03 0.1632e-01 0.1180e-01 -@.1851 e+00 -0.8450e+02 
2 7  1891  1931  0.2970e-03 0.1 766e-01 0.1281e-01 -0.1 851 e+00 -0.8797e+02 

N r .  F r a m  Tn n h  j a r +  i v o  r m s o - n n c t  r fl 
1 1871  1 9 1 1  0.1 367e-03 9.362Ee-C1 0.3430e-01 -0.1900e-01 -0.145Ye+01 
7 1877  1917  O - ? L L ? P - ~ ~  n -  n-7- - n l  - n,.r9nna -01 - 
3 1573  1913  0.15160-03 0.3507e-01 0.3375e-01 -9.1900e-91 -0 .1660e+01 
4 l a 7 ~  1 9 1 ~  n - 1  q 7 7 ~ - n 7  q - 7 5 9 o e - n 1  n -  z '5xe -n l  - 0 - w - n l  -,> 
5 1875 1915  0 .1355e-03 0.24390-01 0.2150e-91 -0.5229e-91 -0.7305e+01 
6 1R76 1 9 1 6  f l . l 701a -n7  n . u n 1  - n l  - n.- - n i  - 
7 1877  1 9 1 7  0.3C06e-03 0.1 840e -01  0.1 382e-01 -0.9347e-01 -0.21 46e+02 
R 1 8 7 ~  '1013 n u - n i  n u  - n l  - . -n - -  - n - - -  s w  
9 1879  191  9 9.4277e-03 0.2391 e-01 0.2008e-01 -0.1771 e+00 -0.54400+02 
~n ~ggn 107n n .  71 oqA-n7  - - -  n - -  
1 1  1881  1 9 2 1  0 .2835e-03.  0.34009-01 0.299Pe-01 -9.2365e+00 -0.1027e+03 
Y 7 lw 1 0 7 7  n - - >?o-& n - - - n i  n  - - - n i  - . - n - - -  7 -n  - - w + n t  - - 
1 3  1883  1923  0.2973e-03 0.3137e-01 0.2725e-Q1 -0 .2358e+00 -0.11249+03 
t~ ~ R R L  1 0 7 ~  n. 7 n < ~ ~ - n x  n u - c l  n, 507,-nl -g;-gn - g _  121- 
15  1865 1025  0.3266e-03 0.2996e-01 0.Z532e-01 -0.2341e+00 -0 .1029e+03 
1 A ~ R R C I  1 ~ 3 ~  n 7- - 97 0 n  117 1- - 
1 7  1887  1027  0.3029e-93 0.2047e-91 9.1ZOle-01 -9.1592e+00 -0 .8254e+02 
Y R 1 R X R  1 9 7 %  n n - nq n 1 Z ? ~ Q  - nq - 0 1 q07- - n  
- - -  - - .  - - . - . -  - - 
1 9  1889  1 9 2 9  0.3060e-03 0.2@44e-01 0.11890-91 -0.1592e+00 -0.9004e+02 
?n l n o n  q o t n  1 zo7- 
21 1891  1 9 3 1  0.323Pe-03 0.2C42e-01 0 .11Ple-01 -Q . l 592e+00  -0.9443e+02 
7 l R O 7  -. 1 0 7 7  . *- 
23 1893 1 0 3 3  0.32788-93 0. 2C54e-01 0.121 5e-01 -0.1 592e+00 -O. t997e+02 
From T o  [Ib i e r t ~ v e  r m e r - n n r *  
1 1876  1016 9.1 e14e-Q3 0. ZCOOe-01 9.1706e-01 -0 .4071 e-01 -0.4693e+01 
2 1377 1917  0 - 7 7 7 ~ 0 - 4 3  17- 2 ? R 7 ~ - n l  n. 12L7n -n f  -n- 5 ~ 7 ? r - 0 1  - 0 -  5696e+ f l l  
3 1878 1915 O.iCo3e-03 9.1 485e-01 0.8614e-32 -0.1090e*00 -0.1924e+02 
4 1379 1919  0.2475e - 03 0.1601e -01 0- $ 2 7 7 , ~ - n ?  - 0 . l n 9 9 e + 0 0  -n.1 567a+fl7 
5 1880 1920  O.iZOoe-03 0.1549e-01 0.8831e-02 -9.1099e+00 -0.2666e+02 
6 i s a i  1927 0.77770-n; 0 - 1  5 ~ 7 0 - 0 1  n - ~ 5 n 7 e - n ?  - Q . l l ? n o + n a  - 
7 1882 1922  9.2171e-03 0.1546e-01 0.8403e-32 -0.1179e+00 -0.4257e+02 
8 1827 1927  Q ~ i f t l e - f l i  n 5 -  TI. F ( Z ? P ~ - ~ ?  -n. 11 7op+nf l  - f l - ~ z o i ~ + ~ ~ ~  
9 1324  1 9 2 4  0.2134e-03 0.1551e-01 C!.E389e-02 -0.1210e+00 -0.4656e+02 
1 0  1885 1975 n.;r,ooo-n; 0 - 1  q q ~ ~ - p l  n - ; r m  -n 7  - 0 -  -n- - 
1 1  1356 1926 0.2052e-03 0.1564e-01 0 . t493e-02 -0.1255e+00 -0.5799e+02 
1 2 1 8 8 7  3 7 7  n . z n ~ - ~ - n t  n , 1 5 7 i a - n l  n . ~  g 7  - - n- 
1 3  1388 1928 0.2COOe-93 0.1502e-C1 0.8872e-52 -3.1296e+00 -0.7298e+02 
1 4  1880 1979  n - 1 9 0 1 ~ - 0 7  n i ~ ? i ~ -  n , o m  - - Q-?- - 0 2- 
15  1630 1930  0.1064e-03 9.1611e-31 0.92980-02 -0.1 296e+00 -0.7271 e+02 
1 6  1891 1931  o . i 9 ~ 8 ~ - n 7  n. i ~ 7 9 0 - n i  n ~ q 6 7 n - n ?  - - 0 - 7 ~ -  
1 7  1892 1932  0.1914e-03 0.1637e-01 0.9775e-02 -0.1206e+00 -0.7271e+02 
1 8  1893 1077  n . l s 7 n n - 0 7  n - 1 6 -  - o ?  C - 0 9 7 1 ~  - - g , w g g  -
1 9  1894 1034  0.1630e-03 0.1652e-01 0.1G15e-91 -9.1296e+00 -0.8308e+02 
70  1895 1 9 ? 5  n . i 7 q f l a - ~ 7  n - i ~ z 7 ~ - n i  n . ~  - n i  - g- 
21 1896 1 9 3 6  0.1 768e-03 0.1660e-01 0.1039e-01 -0.131 0e+00 -0.  t 507e+02  
7 2  1897 1977  n.1750a-n'i n - 1  Anon-n l  n : l m e - c l  -p,l--g -0 
23 1898  19Z8 0.1739e-03 0.1680e-01 0.1085e-01 -0.1310e+00 -0.7667e+O? 
7 4  1899  l O ? o  n . 1 7 3 ~ a - n 7  ~ - 1 7 7 4 ~ - 0 . 1  n.11- - n i  - - n  A- 
25 1900  1 9 4 0  0.1768e-03 0.1765e-01 0.1192e-01 -9.1310e+9@ -0.6780e+02 
76  1 9 f l l  19G1 n . ? o q ~ ~ - n 7  n -  l~,ggp-nl n -  1 ~10 , -n l  - 0 - m  -Q-- 
2 7  1902  1942  0.1979e-93 0.1040e-01 0.1359e-01 -0.1310e+00 -0.6629e+02 
28 19n7  19L7  n .  7n7an-n7 n a i ? ? - n i  Q _ ~ L T &  - Q Y  - n-!l.ln,*nn&- 
2 9  1904  1944 0.212Se-03 O.ZC82e-01 0.1 509e-01 -0.1310e+90 -0.6303e+O2 
30  1905 1045 0.2140e-03 0.2131e-01 0 .15Q?e-91 -9.1310e+90 -3.6432e+02 
- -- -- 
h 1 c 1 t 
0.9532e+00 0.2476e+03 -0.8139e-01 -0.6505e+01 
f l -OL00a+00 f l m l m 9 e + 0 7  -0.8606e - 01  - 0.7653* +a1 
0.5369e+00 0.1 327e+03 -0.63806-01 -0.91 07e+01 
f l .?360a+00 0.1429e+07 -0.6397e - 0 1  - 4.77 92e+01 
0.5360e+00 0.1315e+03 -0.63929-01 -0.1219e+02 
n-<lhnP+no n-l5&b+nT - n - 6 7 n 7 a - 0 1  -0.1927e+02 
0.5324e+00 0.1 635e+03 -0.71 64e-01 -0.2353e+02 
+fin O-17TAa+Of -0.77649 - 0 1  - 0.2473 e +02 
0.5311e+00 0.1808e+03 -0.7462e-01 -0.2634e+02 
+n7 -n_75o7,-ni - 0 a ? R ~ + O 7  
0.5285e+00 0.2156e+03 -0.7893e-01 -0.3106e+02 
n u + n 7  -n .7ROla -n l  -0.3970a+02 
0.5265e+00 0.2709e+03 -0.8284e-01 -0.4094e+02 
n >7o-n7 -n- - - 
- - + 
0.5265e+00 0.3217e+03 -0.8284e-01 -0.4130e+02 
? T L n f t r + n l & ? P L a - n l  -O-&SPLe+O2 
0.5265e+00 0.3515e+03 -0.8234e-01 -0.4105e+02 
n n - u + n l  - f l - ~ 7 q ~ a - a l  - f la5a54g+07 
0.5265e+00 0.3952e+03 -0.a284e-01 -0.4930e+02 
'7_7ORSn+OZ -0-8-  - 0 1  - o - 5 1 7 9 e  +iJ 7 
0.5248e+00 Cl.4063e+03 -0.8400e-01 -0.5072e+02 
-=n_'TRABe+n7 - 0 - U P  - 01  - O . 3 4 ~ 6 e  +02 
0.5248e+00 0.4271 e+03 -0.8400e-01 -0.4589e+O2 
7700+n7 - n . u m a  - 01  - Q.3735e +O 7 
3.5248e+00 0.42Y3e+03 -0.3400e-01 -0.4108e+02 
-0-AZ-nl - 9 - R 4 Q f J . e  - 0 1  - O-L716e +a7 
0.5248e+00 0.4125e+03 -0.3400e-01 -0.3935e+02 
n -7 - 0 - w  -n 1  - 
0.5248e+00 0.4306e+03 - 0 . 8 4 0 0 ~ - 0 1  -0.3631e+02 
0.5248e+00 0.4294e+03 -0.8400e-01 -0.3845e+02 
I t a l v r  l aa  20 v o a r s r  1 3 ? 1 - l o 4 5  o r o r e c q  a r d  
Nr. From Ta n b ~ t i v a  r m - a  - an<+  m a d - p O - = +  P O  +-+a*+ 
1 1881  1 9 2 1  0.1745e-03 9 .2331e-01 0 .1642e-01 -0 .1?26e+90  -0 .98070+01 
7 l a a z  1927  n . ? ~ ~ o ~ - n ~  I. 7 7 7 ~ ~ - n i  n - i h - n i  - n - 1 2 4 ~ 0 ?  - n - ~ z 5 1  L + ~ L  
3 1883 1 9 2 3  9.2604e-03 O.2255e-01 9.1606e-01 -9.1'246e+00 -0.1 334e+O2 
4 18'4 1 9 7 4  0 . 7 5 ' 0 ~ - 0 3  0 - 7 7 5 4 e  - 01 0 -  16730  - r ) l  - n. l7h?a+Of l  - n - 1 0 1  Z e + C  
5 1885  1925 9.2511e-03 O.2252e-01 0.1507e-0'1 -0 .12630+00 -0 .1780e+02 
6 IRRA 1976  n. ~ L ~ L ~ - O X  n. 7 7 n i  a - n i  Q . . - I ~ u & = ? . ~  - n ; r m  
7 1 3 8 7  1 9 2 7  0.24438-33 9.2307"-01 0.167Ce-01 -0.1299e+00 -9.3857e+02 
I O ~ P  n - 7 ~ 1 7 ~ - ~ - ~ 1  n - 1 7 6 0 0 - ~ 1  - n - l w g  -Q-- 
9 1889  1 9 2 9  0.2427e-03 9.2384e-(31 0.17908-01 - Q . l 3 3 3 e + 0 3  -0.4088e+02 
i n  i n o n  l o - r ,  n-3 0~7- - n j  0- - 0 1  - c-1- - 
1 1  1 8 9 1  1931  0.2434e-03 0.2407e-01 0.1P25e-01 -9 .1346e+00 -0.3963e+02 
1 7  1 x 9 7  1077  8.77911n-fl7 ' 1 - 7 u T n  0 1  n.  l O 7 l a  n l  n . i 7 ? l n + n f l  - r l - 5 & o l n + ~  - - - 
1 3  1893  1933  0.2370e-43 0.24P5e-91 0.1054e-01 -0.1381 e+00 -0.5490e+O2 
1 I  1119L l o 7 L  ,-. : ? q &  - n-< 0 7- - nq n 1 - n l  - n q w I g  - n h m  - 
1 5  1895 1935  0.223. le-93 9.2527e-01 0.2005e-91 -0.1381e+03 -0.6106e+92 
1 6  1896  1976  n . 7 7 n o n - n l  n - 7 $ 7 7 n - n ~  n. 7-1 - - p , w f l n  -Q-- 
1 7  1 3 9 7  1 9 3 7  9.2ZOZe-03 0 .25458-01 O.2C38e-01 -9 .1331e+00 -0.6114e+02 
1 s  l R 9 X  1 0 1 ~ :  n 1 m - n ?  n 7 m - n i  - .  n - -  - n l  - .  - 3 .- - 
1 9  1 8 9 9  1 9 3 0  0.2330e-03 0.25390-01 0.2OZTe-01 -9.1381e+40 -O. t657e+02 
7 n  i p n n  i q ~ n  n27-nl - n - 1 0 7 0 ~  - ~1 - n - * a  -5 -7150-  
21 1 9 0 1  1 9 4 1  0.2377e-03 0.2511e-01 0.1068e-01 -0.1369e*00 - 0 . 6 4 0 3 ~ + 0 2  
77 i ~ n ?  ~ Q L I  72- - 0 1  p-19- - n! - - n-4-z n 
23 1903 1943  0.2409e-03 0 .2554e-01 O.ZCl6e-91 -9.1369e+00 -9.6301e+02 
7~ 1- ~ P L L  n. 7 m - n - ;  n m - n i  n - n i  - n 1- - 0-
25 1905 1 9 4 5  0.2854e-03 0 . 2 7 0 7 ~ - 0 1  O.222Se-01 -0.1356e+00 -0.5203e+O2 
I t a l y ,  l a g  25 Years, 1586-7945 D r o c e s s  o r d e r :  1 
N r  From T e - 
1 1886 1926  0.201Qe-03 0.3013e-01 0.265oe-01 -9.1417e+90 -0.117Ge+02 
2 1387 1927  0.1963e-03 0.3036e-01 0.2637e-91 -0.1435&00 -0.1467e+O2 
3 1888 1928  0.1959e-03 9.3C32e-01 0.2683e-31 -9.1435e+00 -0.1 524e+02 
4 1889 1929  9.1960e-03 0.3C35e - 01 0.2656e - 0 1  - 0.1435e + 0 0  -0.12 07e+07 
5 1890 1930  0.1°58e-33 0.3012e-01 0.26599-01 -0.1435e+00 -0.2007e+02 
91 97  +OD - + 
7 1892 1932  0.1E33e-03 0.311Pe-01 0.2793e-91 -0.1491e+00 -0.4104e+02 
8 1893 1 9 7 7  O. lE77e-05 n.3137 o - 01 0.7209e - 01  - 0.14 91 0+00 -0.4264e+07 
9 1894  1934  0.1.263e-03 0.3141e-01 O.2821e-01 -0.1501e+90 -0.4240e+02 
1 0  1895 193.5 0.1E62e-03 0.3140e-01 0.2820e-01 -0.1501e+00 -0.4507e+07 
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1579  lOlC 
1.371 1P11 
1872 l o ? ?  
1373 l "13  
137L 191 4 
1275 107 5  
1376 1016 
1877  1 9 7 7  
1872 1°1? 
1372 l o ? ?  
1380 l ? i C  
1P,CI1 1"?1 
1332 39Z2 
12;;: 1 ? 2 3  
12Z4 7024 
1325 7?25 
1530  1926 
1S%7 1 ? 2 7  
18GS l c 2 S  
1860 182?  
1 3 9 ~  1930 
15?1  1031 
1:?2 1'32 
1333 1OZ7 
lZO4 1?34  
1335 1Q35 
1376 iO3-5 
1897  l ' J37 
1  S ? ?  10:s 
1599 1°30 
1QGC 134C 
1951 1 ? & 1  
l o 0 2  1c42  
1QC; l04: 
1G.24 1'4L 
19.35 l Q L 5  
r ~ s e - p o s t  mad-post  c 0  t - t e s t  
n.ZC?5e-Ol 9 .17559-n l  -0 .7356e-01 -0.1 465e+00 
0.1C3Le-31 9 . 1 7 2 2 ~ - Q 1  -3 .7366e-01 -0 .1553e+00  
n. l P P t e - 0 1  0 .16Rle -? l  -3.7366e-01 -0.1651 e+00  
0 .1070e-Pl  ?. 1659e-01 -0.7366e-31 -0 .17?7e+00 
0 .10?0s -01  0.1 t 4 l e - 3 1  - 3 . 7 3 6 6 ~ - 0 1  -C.2815e+00 
fi.197Ze-91 0 .1650e-01 -n .7356e-01 -0 .3240e+00 
O .  1 coo@-!?l 0.1543e-01 -0 .7366e-01 -0 .3658e+00 
n. lo&",-01 0 .161  59-01 -3.7366e-01 -0 .1052e+00 
0 . l o 2 5 e - 9 l  0.1 586e-01 -0 .7346e-01 -0 .4643e+00 
7.1 QOSe-C1 ? .156ve-01 -?.7366e-01 - 0 . 5 2 4 7 e t 0 0  
0 .1PZle -n l  0.1 513s-01 -9.7366e-01 -L .C233e+00  
O. l?Lle-01 0 .1506?-Ql  -3.73669-01 -C.2222e+O@ 
I l .12 t l e -P l  0.  qC55e-02 -0.1 o56e+90  -9.1 062e+@1 
7.11 225-Ol Fmn?613e-C?2 -9.16Z6s-00 -0.1 9 9 4 e t 0 1  
n .0400e-n2 0.7734e-02 -%1656e+00  -0.205?9+01 
0.02Cle-OZ 3.7371s-32 - % 1 4 5 6 ~ + 9 S  -9.2339e+01 
O.QC11e-a2 n .7231e-52 -9 .1656@+00 -0 .2669e+01 
a. ?SStJc-n2 0 .7134e-92  -9.1655e+OO -0 .3208e t01  
n.QC06e-n2 5.7310e-32 -? .1656e+00 -n.3949e+01 
[1."?65e-q2 ? . 7 4 0 O e - 9  -@.1656e+@3 -0 .4562e+01 
0 .0407e-02 0.7538c-02 -0.1656e+C30 -0 .4773e+01 
n .Q7:4e-Y 2.7675e-C2 -9 .1656e+Q0 -0 .5413e t01  
O.lC07e-?l  J .7?72e-n2 -nm1656e+C30 -0 .5761e+01 
n.lC32e-Cl 1 .3023e-32 -0 .1656e+00 -0.5761e+01 
O.lC5Le-01 3.E211e-02 -0 .1656e+00  -9 .5793e+01 
O .1 C Q L e - 9  1 . Z . 5 5 7 ~ - 3 2  -02.165Se+913 -0.5643++01 
0 , 1 1 2 2 e - n l  O.?797e-C2 -1?.1656e+00 -0 .5464e+01  
n . l l ' 1 e - ? l  0.0342e-02 -n .1656e+00 -0.52LOe+01 
0 .12L6e-gl  ?.O962e-q2 -3 .1656e+q0  -0 .5333e+01 
0.1317e-C1 O.1OSle-Cl -?".656c+9C3 -0.!374et01 
n.13002-C1 0.1117e-11 -3 .1656e+fl0  -0 .5L2le+01  
9.1L.55e-01 0.11Q9e-31 -3 .1656e+00  -0 .5764e+01 
0.1 5&'3e-01 (3.7 260e-01 -1?.1656e+00 -0.5691 e + 0 1  
n. 1 5oSe-C1 C3.1319~7-11 -9 .1656e+00 -C .5588e t01  
?.1663e-01 "133Qe-01 -0 .1656@+09 -0.5613e+01 
n.1717~7-01 C.1470e-51 -1?.1650e+00 -0 .5641e+01 
n . lZ74e-Ol  0.1546c-01 - f l . l 6 5 6 e + 3 5  -0 .5735e+01 
? . 1 ? 6 ? e - ? l  f?.? 5ufle-01 -9.165Se-30 -0.5646e*01 
n. l f 7 7 e - n l  n. loCi++-nl -9.1 655e+03  -0 .4997e+01 
0 . 1  ??2e-31 n. 1627e-Cl  -0.1656e+C39 -n .4322e+01 
N e t h e r l a n d s ,  l a q  2C y e a r s ,  ?? 'I-1045 p r o c e s s  o r d e r :  12 
Nr. From 7 0  3 b j e c t i v e  
1  1571 7911 C ) .  1 C'6n-05 
2 1372 1?12 r? . l lC ' a -03  
3 1373  1 ? 1 3  O .  121 Oe-03 
4  1G74 1Ql4 U.1254e-$3 
5 1575 l u l 5  0  , I  2n4e-C5 
6  7576 1?16  5.12?5e-f?3 
7  1377 1 q ? 7  0 .1350e-03 
3 1678  1 ? 1 ?  n .  1 ?b,"e-c?3 
u 1270 l r ' l ?  ?. 1464e-n3 
1  i) 18GG ! 9 2 C  0 ,131  5e-03 
11 1ZC1 1°21 C .  12"l  e-03 
1 2  1332 10Z2 0 .1235e-33 
1 3  1363  1723 0.1CQ6e-03 
1 4  1534 1?2L 0 . = / 9 3 e - Q 4  
1 5  1225 1027 (?.7977e-'14 
1 6  1286 1026 ? .?Q24e-n4 
1 7  1387 1727 .7?3'e-i7& 
I:! 1382  1 ° 2 1  n -31 63e-QL 
1 0  1337 1320  ?.?615e-CL 
2U 130C 1?35  0 .?731e-n4  
21 1 2 ? l  1P31 $ . C C & l e - l ] ~  
22 1892 I T 2  n ,  5 9 3 2 e - 0 i  
23 1293 133: ~ . c 5 3 4 n - ~ 4  
24 1S?4 1 0 : ~  0.cCS2e-14 
2 5  1295 1735 0.91 24e-n4 
26 1396  1 ? 3 6  0.2?7;e-r)4 
27 1897 1937  0.96Z2e-OL 
2 3  l a 9 8  1 0 7 3  3 .21 ? i n - 9 4  
23 1399 1?30 C. ?C?2.2-'?4 
50 1900  IsLC 0 .7?P?e-04  
51 1?Gl 1?41 U.7ZL7e-04 
32 1 ~ ~ 2  1%: ? .?'l ne-04 
5 3  lv1?3 lcl4: n . 7 c + u e - n ~  
34 1°04 1°44 0. a???*-'?4 
35 1005 1045 0.636Oe-OL 
r n s e - p o s t  mad-post  c  0 t - t e s  t 
P. lC73e-01 0.7?"3e-C2 -0 .1706e+00  -0.3453e+O@ 
0.1106e-01 7 .?2@3e-02 -? .1706e+00  -0 .3653e+00  
0 . 1 1 1 4 ~ - 0 1  O.PI8ke-32 - n . l 7 3 e e + 0 9  -0,:838e+OO 
C . l l 2 o e - 9 1  13.2574e-q2 - ? . 1 7 0 6 ~ + 0 0  -O.G239e+00 
0.1 1?Re-nl  9.e473e-nZ - n .  1 7 0 o e + 0 0  -0 .6662e+00  
p . l l Z ? e - O l  0 .?758e-92 - Q . l 7 0 6 e + 0 0  -0 .7074e+00  
? .1152e-?l  7 .PQ24~-02  -0 .1706e+00  -O.E743e+00 
O. l lP2e-? l  O.PG26e-02 - Q . l 7 0 5 e + 0 0  -O.Q601a+00 
0.12259-91 13. c272e-'12 -". 1 7 0 6 e + 0 0  -0.1 100e+01  
0 .1170e-01 0.???44e-02 -0 .1706e+00 -0 .1244e+01  
9.11 SZe-Cl 0 .?971e-92 -c?.1706e+90 -0 .1478e+01 
0 .1103e-01 0 .917Qe-02 -? .1706e+90 -0.1Q50e+01 
0.11 40e-01 ?.??09e-'32 -0 .173ee+00  -0 .2023e+01 
n.l lf7be-Ol 0 .2So le -32  -0 .1705e+03  -0 .2@51e+01 
0 . 1 C 0 3 s - 9  0 .P516e-32 -3 .17Q6e+00 -0 .2113e+01 
0 .1132e-31 O.?? t l e -7 '2  -0 .1706e+00 -0 .2394e+01 
0 .11 70e-01 3.C15oe-32 -7.171lbe+00 -3 .2713e+01 
0 .1233e-? l  1 . 0 6 3 3 ~ - 0 2  -0 .1796e+00  -0 .3263e+01 
0.1 204e-q l  ? . l Q 2 0 ~ - ~ 3 1  -1 .1706e*00 -0 .4000e+01 
Q ,13L3e-01 '3.107?e-q1 -0.1706e-90 -0 .4605e+01 
n . l  &@be-91  9.1 138e-91 -? . I  70oe+00  -0 .5000e+01 
n . lLC7e-nl  0.1157e-01 -? .1736e+00  -0 .5434e+01 
0 .1532e-91 ?.125?o-91 -".1736e+r)3 -0.5752e+31 
"1 CQOc-?l 0.1 305e-01 -%17@6e+00  -0 .5736e+01 
n.16LSe-nl 0.1 372e-q1 -0 .170 ie*00  -0 .5750e+01 
0.170Ce-01 0.1431e-31 -0 .1706e+00  -0 .5591e+01  
"175Le-P1 0 . lLube-01 - n . l 7 0 b e + 0 0  -0 .5404e+01 
?. 1705e-n l  ?.1'5!Je-01 -3 .1706e+00 -3 .5156e+01 
0 ,  183Qe- 91 3.1695e-01 -%1706e+00  -0 .5277e+01 
0 .  1  E'Se-91 n.1655e-01 -0 .  1706e+00  -0 .5321e+01 
n .1°27e-Cl  9.1711e-31 -".1706e+00 - 3 . 5 3 6 9 ~ + 0 1  
n .  1075e-01 C.1770e-?1 -0 .1796e+q0 -Q.:713e+01 
0.1Q04e-P1 0.1 "Ye-31 -? . I  73oe+00  -0 .5658e+01 
C.1 CQSe-'31 0.111 Se-431 -3 .1706e+0@ -0.5576e+01 
9.2CZZe-91 n.1357e-91 - n . l 7 0 e e + 0 0  -0 .56158+31 
N e t h e r l a n d s ,  l a 2  2 5  y e a r s ,  1?76-1'45 p r o c e s s  o r d e r :  
Nr. From To 
1  l 2 7 t  1916 
2 1377  1017 
3 1 Y7? 101'3 
4 1377 1'JlY 
5  13GC 172.C 
b 1EC1 1021 
7  1352 1922 
3 1.553 1925  
0 1334 l o ? &  
1 0  13Z5 1325 
11 1856 1?2S 
12 1337 1927 
1 3  173: 1';s 
1 4  1ZE9 7?1? 
1 5  1Z?C 1 ? ? 0  
1 5  1Evl 1?31  
1 7  l S Q 2  1332 
1 8  lZ05 . ? 7 ?  
l v  130L 10?4  
2 3  125'5 1'335 
21 1306 1976 
22 1297 '07' 
23 1Y3? 1312  
24 13'37 ? ? z Q  
25 1 0 Q 9  1?LC 
26 1001 lOL1 
27 lQC.2 1-42 
ZS 1023  1'?L3 
Z ?  1024  1 0 4 L  
30 1965 10L5 
r n s e - p o s t  mad-post  c C t - t e s t  
0 . 1 4 5 5 e - 9  1.1266e-f?1 -0 .2350e+00 -0 .4735e+00  
n , l : ? j e - ? l  l . 1303e-01  ->2350e+00  -3 .5006e+00 
1 .1?50e-91  3.1351e-01 - '7.2353e+00 -0 .5315e+00 
n .  1625e-?1 n. 1 4 1 2 ~ - 3 1  -3 .2350e+00 -@.5700e+00  
3 . 1 5 4 7 ~ - 0 1  n.1?60e-Cl - - .2350e+00 -0 .9088e+00 
11.157Ce-nl 0. 1 3 0 0 ~ - 9 1  -0 .2350e+0@ -0.1046e+01 
C . 1 6 1 3 ~ - 0 1  0.1450e-01 -0 .2353e+30 -0 .1189e+01 
O .  1 c51 e-?1 0.14Q4e-C1 -0 .2350e+Q0 -0 .1305e+01 
1 7 e - 1  0.1543e-01 -0 .2353e+00 -0 .1492e+01 
C.1770e-?l  1 .1017e-01 -fl.Z350e+00 -0 .1681e+01 
n.l .??oe-31 n.lC75e-$1 -3 .2350e+30 - 9 . 1 9 9 0 ~ + 0 1  
0.1851 e-01 C .  l6Pee-01 -0 .2350e+30 -@.2009n+01 
0 .1?72e-Cl  q. 171 6e-C'1 -? .2350e+00 -0 .2700e+01 
C!.1203e-g1 0.173%-nl -?.235Oe+g0 -0 .272?e+01  
C.1817e-01 9.1775e-?1 -0 .2350e+00 - @ . 2 8 l l e + O l  
f l . lQL3e-91  0.1 ?32c-01 -?.2350e+00 -0.31 76e+01 
P . l07?e-? l  ? .1?43e-01 - 0 . 2 3 5 0 ~ + 0 3  -0 .3509e+01 
". 2C12e-01 0.197Pe-31 -0. 2356s+03  -0 .43@5e+01  
S .  ZCF?e-Ol 0.1011e-31 --7.2350e+00 -0 .5250e+01 
0.21 n7e-Ql  0. l Q 5 9 e - q l  -0. 235Ge+00 -0 .  C011e+01 
G. 21 53a-01 Q.ZC13e-01 -0 .  2350e+09 -0.651 5e+01 
D.2Zl le -? l  C.ZC73e-01 - f l ,2350e+03  -0 .7044e+01 
*.22L0?-01 0.2123e-01 -0 .2350e+03  -0 .7450e+01 
"2281e-01 g.?175e-01 -3 .2350e+09 -0 .7443e+01 
O.ZZQ7e-Cl n .22Cle-? l  -C.2350e+03 -0 .7479e+01  
0 . 2 T 1 5 ~ - 0 1  0.2220e-01 -9.  2350e+00  -Q.7293e+31 
P .  2?25e-01 0.22L3c-01 -0 .2350e+00 -0.7G73e+01 
0.ZZ24e-91 ?.2245e-C1 -?.2350e*00 -0 .0925e+01 
0.2'1 4e-?1 '1.222Oe-Tl -0 .2350e+00 -9.CQ73e+01 
0 .2?06e-01  0.2206e-31 -3 .2350e+00 -3.7958e+C1 
;$etp,er:nds, no l a ?  , 1?5!-1QL5 r r c c e s s  o r d e r :  1  
rvz.e-pge? m a d - p o s t  c c t - t e s t  
C.7?@Ze-Y 1 .7171s -01  1 . 1  R24e+00 0 .2749e+01  
nS7l.!7e-?l 0.7C33e-'I1 * . l ?SZe+00  0 .2318e+01 
0 . ? l ? i e - ? l  ?.6QiSe-C1 !Y.l882e+CIO 0.2731e+01 
C.6cn7e-91 n .6727e-n l  ? . 1 3 ? 6 e + 3 5  9 .?066e+01 
0 .6724e-01 0.65ZOe-91 ?.1732e+CI0 0 .1303a+92  
n .6C??l e-91 0 .6402e-01 ? . 1 7 5 2 e + 0 0  9 .1388e+02  
Cl.3741e-C1 3 . 3 5 1 i e - 3 1  -3.9672e-02 -0 .1117e+01  
Q.37L3e-nl  0 . 3 5 2 2 ~ - 0 1  -C3.90Q2e-02 - 0 . l l Q l e + 0 1  
"37L6e-91 " .352&e-f l l  -9 .9602e-Q2 -0 .1275e+01 
n.37L5e-01 7.?5?be-Q1 -3 .Q602e-02 -O.lZOZe+Ol 
0 . 3 7 L 5 ~ - 5 1  n . 3 5 2 ~ e - n l  -? .Q602e-02 -Q.26Q7e+01 
0.37LCe-"1 @ . f = ? Z e - C l  -n.P6"2e-Q2 -0 .?952e+01  
0 . 3 7 2 l c - F l  CI.3&0oe-C1 -0.9592e-02 -0 .4023e+91 
3 . 7 t n 8 e - n l  0.34L6e-Ql - n . Q S P Z e - X  -0 .3717e+01 
I ? . 3 6 5 3 ~ - " 1  3.3?Q3e-C1 -0.Q652e-92 -0 .5813e+01 
0 . ? 5 5 1 ~ - T  1 .3273e-01 -f7.16?7e-31 -0 . lC22e+02  
?..203Le-?l n. 2710e-01 -fl .7752e-01 -0 .577Le+02 
~ . 2 Q ? @ e - ~ ? l  ?. 2fQle -C1  -0.7752e-91 - 0 . t 5 9 0 e + 3 2  
n .  ?c?Oo-?l 3.267700-31 -".7752e-01 -0.7183e+O2 
n. ??LOe-Ol n .  2587e-Cl -3 .53QSe-31 -Q.3430e.+C2 
(1.2277e-Cl ?. 21 QZe-01 -0.1 &40e+30  -0 .15?3e+03  
('.2Z4Se-31 0.21 619-91 -0.1440e-30 -0 .1672e+03 
? , ? 2 0 Q e - q 1  n.2056e-31 -%lL?le+CI3 -@.2314e+03  
n .2255e-nl  n.Zt,35e-01 -@.1491e+00 -0 .2262e+03  
0.21 31e-91 0.19L5e-nl - n .  1553e+00  -Om2403e+33  
0 . 2 1  26e-Ql  f l . l?70e-Cl  -2.1 553e+00 -0 .2453e+93  
3.7CG23-01 C .  1731e-01 -". 1553e+00  -0 .244oe+03 
n.lO32e-C1 n.160Ze-01 -?.161Je+0@ -0 .2630e+93  
n. 1 2 5 l e - n l  n.1 c l & e - ? l  -? .  16!5e+05 - 0 .  i677e+CI3 
!I. 1754e-Q1 11.1 5LSo-nl -17.151 5.:+00 -0 .2755a+33  
n . 1 7 0 4 e - 9  l. 1504e-Pl  -0 .1513?+?0  -0 .3022e+33  
O .  1 CL"+-01  17.1447e-n1 -?. l o 1  5e+00  -0 .3621@+03 
n . 1 6 9 l e - r l  ? . l ? Q Z ? - V  - ? . l j l ? e + . 1 0  -0 .3312e+33 
0.155:e-31 C.13L3e-01 -0.1 61 8e+013 -0 .3973e+03 
n .151Se-nl  *?.131:e-31 -3 .1513@+00 -0 .?384e+03  
n . lLOOs-n l  1 .1301e-31 -? .161Ze+05  -0 .3453e+03  
0 .1515e-n l  !?.1?11o-Q1 - ~ . 1 5 1 S e + 0 O  - Q . 3 1 5 2 ~ + 0 3  
! -  ? . 1 3 2 1 ~ - n l  -n . lS l s?+OO -0 .2374e+03  
n.151°e-01 ?. 1?119-"1 -tl. 1353?+(30 -0 .2125e+03  
n.15C5e-Tl ~ . 1 2 Q ? e - ? 1  -?.!553e+QC -0 .1971e+33  
3 .1LOle-?l  n. 1 ?4La-?1 - '? .145?++00 -".I 72@e+03  
n. 147Qc-Ql n .  1 2 7 3 ~ - n l  -C). 17Q0o+r?O -3.1 566e+03  
P .  1 c o ? e - ? l  n .1!97e-01 - n .  1700e+OC -3.141 4e+03  
?. 15L'e-*?1 ?. 13iOe-f?1 -". 17QGe-90 -0 .1  322?+CI3 
n. l r l o e - 0 1  ? . l  fcoe-c?l  -0 .1700~+130  - n . l 2 7 3 e + ' J j  
fl.16Poe-Cl n .1410e-V - n n . 1 7 0 0 e + 3 0  -0 .1239e+03  
Q . ? 7 5 3 @ - 0 1  n . 1 ~ 5 7 e - n l  -,?. 1770c+00  -5 . 1 1 0 2 s + J 3  
1'.1810e-?l ,?. 1502e-C)1 -". 1 7 0 3 r + F I  -3.114Ye*03 
I..!. 1 ?7??-?1  "1 520e-'?1 -C'.17$0e+G,l - I ? .  11  3?e+93  
: ' . 1C73?-9  1 .1579s-51 -".17LOe+00 -C!.lGR7e+03 
t - t e s t  c 1 t - t e s t  
5 .1957e+03 9.1771e+00 0.2634e+01 
0.198!e+03 0.173Se+00 3.26699+01 
0.2054.e+03 0 .1735e+00 0.2843e+01 
0.2221e+03 0.1661 e+00 0.4405e+01 
0.3167e+03 0.1620e+00 0 .1184e+02 
0.3546e+03 0.162Oe+00 0.1233e+02 
0.6750e*03 -0.2031e-01 -0.2772e+01 
0.6571e+03 -0.2031e-01 -O.2E17e+01 
0.3437e+03 -0.2031 e-01 -0.311 5e+01  
0.8482e+03 -0.2031 e-01 -0.3417e+01 
0.1395e+04 -0.2031 e-01 -0.31 33e+01 
0.1648e+04 -0.2031 e-01 -0.9451 e+01 
0.1 602e+04  -0.2031 e -01  -O.P579e+01 
0.1 526e-04 -0.2031e-01 -0.9182e+01 
0 .1386e+04 -0.2031 e-01 -0.1 230e+O2 
0.141 4e+04 -0.2661 e -01  -0 .1750e+02 
Om1609e+04  -0.8621 e-01 -0.6358e+O2 
0.1763e+04 -0.86219-01 -0 .6620e+02 '  
0.1 943e+04 -0.8621e-01 -0.7537e+O2 
0 .2337e+04 -0.9252e-01 -0.1001e+03 
0.2607e+04 -0.1522e+00 -0.1881e+03 
0.2723e+04 -0.1522e*05 -0.1 835e+03 
0.2860e+04 -0.1572e+05 -0.2460e+03 
0 .2740e+04 -0.1572e+05 -5.2669e+03 
0.2722e+04 -0.1632e+00 -0.3022e+03 
.0.2686e+04 -0.1632e*05 -0.3006e+03 
0.2597e+04 -0.1632s+00 -0 .3056e+03 
0.2695e+04 -0.1698e+00 -0.3248e+03 
0.2722e+04 -0.1673e*00 -0.3208e+03 
0.2940e+04 -0.169Se+00 -0.3317e+03 
0 .29628+04 -0.1698e+00 -0.3415e+03 
0 .3051e+04 -0.1695e+00 -0.41 51 2+03 
13.3566e+04 -0.1638e+00 -0.453'6e+03 
0.3617e+04 -0.1698e+00 -0.4830e+03 
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0.2670e+04 -0.7446e-01 -0.1237e+O2 
0.2801 e+94 -0.8019e-01 -0.1 314e+02 
0.2Y90e+04 -0.8019e-01 -0.1543e+02 
0.25780+04 -0.8624e-91 -0.1 419e+02 
'0.3341 e+04 -0.281 2e+00 -0.1 646e+03 
0.3586e+04 -0.2313e+00 -0.1610e+03 
0.4640e-04 -0.281 3e+00 -0.131 8e+03 
0.4794e+04 -0.2786e+00 -0.2046e+03 
3.5486e+04 -0.278be+OS -0.2199e+03 
0 .528 le+04  -0.2736e+00 -0 .2231e+03 
9.5670e+04 -0.2758e+00 -0.2250e+03 
0:6425e+04 -0.2758e+00 -0.2898e+03 
0.6860e+04 -0.2754e+00 -0.3057e+03 
0.7175e+04 -0.2754e*00 -0,3328e+03 
0.6580e+04 -0.2754e+00 -0.3094e+03 
0.7602e+04 -0.2737e+90 -0.41 33e+03 
0.6545e+04 -0.2719e+00 -0.4227e+03 
0.7034e*04 -0.2719e+00 -0.4507e+03 
0.7107e+04 -0.2719e+00 -0.4376e+03 
0.7041e+04 -0.2719e+00 -0.4307e+03 
0.7762e+04 -0.2719e+00 -0.421Ze+03 
0.6372e+04 -0.271Ye*00 -0.3444e+03 
0.7319e+04 -0.271 9e+00 -0 .5171 e+03 
0.6055e+04 -0.2719e+00 -0.4044e+03 
0.7207e+04 -0.271Ye*00 -0.76329+03 
0.5949e+04 -0.2719e+00 -0.6564e+03 
0.6835e+54 -0.271 9e+n0 -0.7461 e+03 
0.6599e+04 -0 .2719e+00 ' -0 .7228e+03 
0.6764e+04 -0.271 Ye+00 -0.7707a+03 
0 . 5 8 8 7 ~ + 0 4  -0.27199+00 -0.7734e+03 
0.5430e+04 -0.2719e+00 -0.5531 e+03 
0 .5268e t04  -0.2719e+00 -9.5510e+03 
0.4561e+04 -0.2719e*03 -0.4911e+03 
N e t h e r l a n d s ,  l a ;  2,; y e a r s /  1 ? ' 1 - l 9 4 ?  p r o c e s s  o r d e r :  1 
r m s e - p o s t  v a d - p o s t  c?  t - t e s t  
n .1  t l Q e - n l  l l .o l l le - "2  - n . l 3 4 6 e + 0 0  -0 .403Qe+01 
- 1  ' .01?2e-n2 -n.1363?-'35 -S.L163e-01 
q.123'e-nl  n .O?? l  e-92 -". 1350e+00  -9.4261 e+01 
n .  1 z ~ ? ~ - C 1 1  ~l .o?nrJe-n2 -0.1 3679+00 -0.1 222e+O2 
n .12?2?-?1  q.oTE8e-1-2 - q . l 4 t 6 e + 0 0  -0 .2274e+02 
n .1250e-n l  n.055Ce-fl2 -0.1426e+93 -0.2330e+02 
n . l z l o e - n l  O.F33Ce-n2 - 0 . l L b 7 e + 0 3  -0.2578e+02 
7.1 :LC@-01 V. oLn6e-n2 -C. 1 4 6 7 @ + 0 0  -0 .2579e+02 
0 .12p3e-C l  0.C655e-q2 - 0 . 1 4 4 7 ~ + 0 0  -0.2333e+02 
0 .123te- "1  0 .049 le- '32  -0.1488e+00 -0. ?720e+02 
17.1 ZLSe-ql  0.062Qe-52 -n. 1495e+00  -0 .?530e+02 
0.1233a-n1 f l .0535e-02 -5.1 5?5e+ClO -0 .1071e+03 
3.11'3e-01 S.QQ72e-02 -0.1525e-00 -0 .9902e+Ot  
1 l e - 1  ?.eo72e-n2 -? .1525e+03 -0.1114e+03 
0 . 1 1 5 4 e - n l  n .?970e-n2 -1 .15LLe+Q0 -0.1320e+03 
1.1 105e-91 n . o Z o ~ e - f l 2  -?.15L4e+00 -0.141 1 e+03 
9 . 1 2 5 ? ~ - n 1  n . Q Z 4 0 s - Y  -5.1551e-90 -0.1375e+03 
7 .1399e-n l  n.1 C35e-01 - ? . I  561e+00 -3.1504e+03 
n .  T?'?e-?l l . l l O 1 . e - n l  -0 .1561e+00 -9.1 686e+03 
0.1416e-01 n . 1 1 5 6 ~ - 0 1  -q ,1561e+00 -Q . l 839e+93  
0. 149Se-n1 9.121 2e -p l  -0 .1561 e+00 -0.1303e+03 
0.1 5L5e-<l1 0.127-e-'71 -0 .1561e+03 -0.1344e+03 
n .162Le-31 fl.1350e-91 -0.1561 e+93 -0 .2247e+03 
0.1635e-01 9.1 4 9 6 e - Q l  -3.1 551e+00 -Q.244Ye+93 
1 7 7 -  0.1473e-01 -0.1 551 e+O9 -0.2503e+03 
n . l ?PZe-91  n . 1 5 L l e - n l  -0 .15619+00 -0.2458e+93 
0.1P46e-01 Q. 1609e-g l  -0.161 4e+00 -Cl. 2501e+03 
0.19PSe-01 n . lC65e-31 -O.lC14e-n0 -3.2200e+03 
0 .10 t6e -C l  1.171 be-01 -0.1614c+OJ -3.241'Je+03 
n .l Q66e-91 0 .176Le-Cl  -0 .161 4e+00 -0.2292e+03 
n. 2 @ 1 1 e - n l  0.1 81 Q + - C l  -0.1 514e+00 -0.31 37e+03 
0 . 2 t 6 1 e - n l  0.1 "1 e-31 -0.1 61 4e+30  -0.3472e+03 
n.2C" e - Q l  q . lQ14e-31  - " . I 61  Le+00 -0.412Oe+03 
O.ZCq3e-nl 0 . 1 9 2 2 ~ - 0 1  -n . l 614e+00  -0 .42Oie+03 
r).?103e-C1 9.1QSPe-91 -9.1 61Le+QC -@ .3919e+93 
t - t e s t  c 1 t - t e s t  
0.1 486e+04 -0.1 444e+00 -0.4522e+01 
0.1 276e+04 -0.1468e+00 -0.3750e+01 
0.1548e+04 -0.1468e+00 -0.4851e+01 
0.1325e+04 -@.1432e+00 -0.3414e+91 
0.2518e+04 -0.1493e+30 -0.1615e+02 
O.t275e+34 -0.1493e+00 -0.1034e+02 
0 .2320et04 -0.1536e+00 -0.1 910e+02 
0.2422e+04 -0.1536e+00 -9.1945e+O2 
0.1 988e+04 -0.1 536e+00 -0.1 802e+02 
9.2561e+04 -0.1560e+00 -9.2126e+02 
O.t056e+04 -0.1560e+30 -3.1913e+02 
0.2839e+04 -0.1592e+30 -0.8656e+02 
3.3451e-04 -0.1592e+00 -0.7913e+02 
0.4309e+04 -0.1592e+00 -0.7838e+02 
3.3845e+04 -0.1 610e+00 -0.1 002e+03 
0.3972e+04 -9.161 0e+00 -0.1 087e+03 
9.3807e+04 -0.1628e+00 -0.1194e+03 
0.3603e+04 -9.1 628e+00  -0.1102e+03 
0.36?9e+04 -0.1628e+00 -0.1332e+03 
0.3066e+94 -9.1'428e+00 -0.1 434e+93 
0.406Ge+04 -9.1628e+00 -0.1626e+03 
0.36496+04 -0.1628e+00 -0.1373e+03 
0.3958e+04 -0.1628e+90 -0.2099e+03 
0.3347e+04 -0.1628e+00 -0.21 09e+93 
0.3406e+04 -0.1628e+00 -0.2345e+03 
0.3051e+04 -0.1628e+00 -0.2213e+03 
3.3002e+OL -0.1680e+00 -0.2300e+03 
0.2689e+04 -0.16aOe+00 -0.2183e+03 
0.2696e+OL -0.1680e+00 -0.1839e+03 
0.2692e+O4 -0.1680e+00 -0.2420e+03 
3.2806e+04 -0.1680e+00 -0.21276+33 
3.2837e+OL -@.1680e+00 -0.3366e+03 
0.2360e+04 -0.1680e+30 -9.3305e+03 
0 .3096e+04 -0.1680e+90 -0.3546e+03 
0.31 32e-04 -0.1 68Oe+00 -0.31 29e+03 
s i t h e r l a n d s ,  13,; 2 5  y e a r s ,  l"'h-!'JL? prOc3s.S O r d e r :  1  
r p s e - n o s t  mad-pas t c C t - t e s t  
,1.1273e-!ll 3.1 l y e - n l  - i l . l Q 7 3 e + n 9  -ll.L645e+01 
q.131ue-C1 7.1135e-01 - n . l 3 7 3 e + 0 3  -0.2QQ3e+Ol 
1 - 1  O.11Y6e-nl - n . 1 0 6 7 e + 0 0  -@.L901e+01 
n . l 3 ? 0 e - ? l  ? . 1 1 9 c e - n l  - c . lQ52e+n0  -3 .7495e+01 
n.14?;e-01 ?. 1206e-n l  - n .  1 9 7 7 s ~ 0 0  -0.1 726e+02 
?. 14209-f!1 0 . 1 2 5 5 ~ - Q l  - c .  1 ?77e+OO -0 .13?3e+02  
r ! ,  14?2e-91 0.15039-31 -3 .1  Q77s+00 -0.1 B67e+02 
P.1511 e-g1 n .  13Lle-01 -0 .1077e+00  -0 .1381e+02  
0.1561e-"l  n.1401e-P1 -0 .1077e+@0 -3.174Ye+02 
F. 16?be-q1 0.1456e-91 -0 .197 te+Oo -0.1 319e+02 
0 .1 t03e-91  0 .1402e-31 -0 .1?76e+00 -0 .2649e+02  
0.17418-n1 n . 1 5 5 0 ~ - 0 1  - 0 . 1 0 4 7 e + 0 3  -0 .1041e+03  
Q.!756e-01 q .1535e-nl  -0 .2004e+q0  -O.Z3QDe+02 
n. 1 7 ? 5 e - n l  q.!610e-nl -0.201 2e+03 -@.83LOe+02 
7.!?13e-Cl " . l c6D?-n l  -1 .2025s+QC -0 .1528e+03  
n. 1847e-Cl n. l 6 ? o e - n l  -0 .2@25e+Q@ -0.1066e-03 
C . l Q 7 i e - " 1  n.1721.e-nl -C.Z030e+QO -C!.c633e+02 
O. i o & c e - n i  n . i 7 0 z e - n i  -Q. 7 3 7 3 s t q 0  -0.111 ? e + 0 3  
n .  l F ? ? e - n l  q. 1  q339-fil -".2073e-?t3 - n . l 3 2 5 e + 0 3  
3.2C4l e -n l  n. 1 . 7 3 0 ~ - P 1  -C.2073e+c?3 -3 .1364e+03 
n .?CVe-51  n .  1c45e-Cl --O.ZC73e+Q@ -Q . 1320e+33  
D .  ?1L6e-n l  ~3.?ClOe-nl -1?.2073e+09 -3 .1380e+33  
0.21 36e-"1 n. 2: 51 s-"1 - g .  2073e+00 -0 .1707e+03  
n . ? Z l l e - ? l  l .21C9e-31 -Q.2073eT00 -0.1 8Y?e+03 
l1.2?!27e-Cl 0.21 3Le-91 -@.2073e+93  -0 .1936e+93  
n . 2 t L Q e - n l  ?. 21 57e-"1 -n .2373e+00  -0 .1866e+33  
n .7257e-01 3 .2l f l6e-01 -n.Z073e+aO -@.1877e+03 
0.2255e-O? 0.21 77e-31 -0 .2073e+00 -0 .1  521e+03 
9.22L6e-01 0.2154e-01 -C!.2073e+00 -9 .1702e+03 
C.?241e-01 3.Z1436-ql -0 .2073e+q5  -0 .1674e+03 
t - t e s t  c 1  t - t e s t  
0 .1130e+04 -0.1910e+00 -0 .4268e+01 
0.7630e+03 -0.1910.e+00 -0.3565e+01 
0.1 283e+04 -0.1 913e+00  -0.4408e+01 
0 .7334e+03 -0 .1868e+00 -0.3449e+01 
0.1193e*04 -0.1 901 2-00 -0.1 498e-02 
0 .1541e+@4 -0.1901e+00 -0.1662e+02 
0 .1250e+04 -0 .1901e+00 -0.1654e+02 
0,171 4e+04 -0 .1901e+00 -0.1 875e+02  
0.1 265e-04 -0.19013+@0 -0.1 287e+02 
5 -1  365e+04  -0 .1907e+00 -0.21 33e+O2 
0,1077e+G4 -3.1 907e+00  -9.1 299e+O2 
0.1734e+04 -0.1916e+QO -0.9477e+02 
0.2003e*04 -0.1 33be+00 -0.73599+02 
5 ,1865e+04-  -0 .1946e+90 -0.7352e+O2 
0.1795e+04 -0 .1953e+00 -0.9712e+02 
0.1691e-04 -0.1 958e-00 -0 .1003e+03 
0 . 1 8 2 l e + 0 4  -0.1972e+00 -0 .1035e+03 
0 .1653e+04 -0.2006e+00 -0.91 02e+O2 
0.1742e+04 -0 .2006e+00 -0.1 232e+03  
0.1740e*04 -3 .2006e+00 -0 .1153e+03 
0.1 746e+04  -0 .2006e+30 -0 .1469e+03 
5.1 51 5e+04  -0.20362+00 -0 .1@7Se+03 
0 .1656e+04 -0 .2006e+00 - 0 . 1 8 5 5 ~ + 0 3  
0.1 4Y3e-04 - 0 . 2 0 0 6 ~ + 0 0  -0 .1757e+03 
3.1 468e+Q4 -0 .2006e+00 -0.1 e9Oe+03 
0 .1437e+04 -0 .200be+00 -0 .1899e+03 
0 .1354e+04 -0 .2006e+00 -0.17472+03 
0 .1355e+04 -0 .2006e+00 -0.1 813e+03  
9.1 227e+04 -9 .2006e+00 -0.1 229e+93 
5 .1441e+04 -0 .2006e+00 -3.21 58e+03  
P o r t u g a l ,  no l a g  / 1025-1960 p r o c e s s  o r d e r :  0 
From To 
1925 1945 
1926  1946  
1927  1 9 4 7  
1928  1 9 4 8  
1929  1949  
1 9 3 0  1 9 5 0  
1931  1951  
1932 1 9 5 2  
1933  1953 
1 9 3 4  1054  
1935 1955 
1936 1956  
1937 1957  
1938  1958  
1939  1 9 5 9  
1940  1 9 6 0  

















r m s e - p o s t  mad-post  c 0 t - t e s t  
0.2523e-01 0.2493e-01 -0.11 70e+00 -0.2792e+00 
0.2521 0-01 0.2491e-01 -0.1170e+00 -0.3596e+00 
0.2538e-91 0.2510e-01 -0.1170a+00 -0.4878e+00 
0 .  i 4 7 2 e - 0 1  0.2431e-01 -0.1 170e+00 -0.6998e+00 
0.2435e-01 0.2384e-01 -0.1170e+00 -0.1004e+01 
0.2379e-01 0.232Oe-01 -0.1170e+00 -0.1370e+01 
0.2344e-01 0.2260e-01 -0.11 70e+00  -0.1 504e+01. 
0.1877e-01 0.1811e-01 -0.5728e-01 -0.5915e+00 
0.1 e67e-01 0.1 789e-01 -0.5728e-01 -0.4455e+00 
O . l t 1 5 e - 0 1  0.1743e-01 -0.48569-01 -0.27589+00 
0.1 773e-@1 0.1 690e-01 -0.411 1 e-01 -0.1 673e+00 
0.1 8@4e-01 0.1762e-01 -0.1451e-01 -0.41768-01 
0.1908e-01 0.1 769e-01 -0.1451e-01 -0.30170-01 
0.1791e-01 0.1742e-01 -0.1451e-01 -0.2238e-01 
0.1 d48e-01 0.1 806e-01 -0.5273e-02 -0.6092e-02 
0.1 82Qe-01 0.1778e-01 -0.5273e-02 -0.4560e-02 
























0 .172 le -04  
r m s e - u o s t  mad-post  c 0 
0.2367e-01 9.2302e-01 -0.6440e-01 
0.2336e-01 0.23248-01 - 0 . 6 4 4 0 ~ - 0 1  
0.2388e-01 0.2326e-01 -0.6440e-01 
0.2400e-01 0.2341e-01 -0.6440e-01 
0.2404e-@1 0.2345e-01 -0.6440e-01 
O.2375e-01 0.2303e-01 -0.6440e-01 
0.2363e-01 0.2284e-01 -0.6440e-01 
0.1912e-01 0.1875e-01 -0.2508e-02 
0.1915e-01 0.1879e-01 -0.2508e-02 
0.1 90.80-01 O.ld69e-01 -0.2508e-02 
0.1805e-nl  O. ld4Qe-01 -0.2508e-02 












P o r t u g a l r  l a g  1 0  y e a r s /  1935-1860 p r o c e s s  o r d e r :  0 
N r .  From To O b j e c t i v e  r m s e - p o s t  mad-post  c 0 t - t e s t  
1 1935 1955 0.1 323e-04 0.2417e-01 0.2420e-01 -0.4376e-01 -0.1045e+00 
2 1936 1956  0.1134e-04 0.2460e-01 0.2436e-01 -0.4376e-01 -0.1346e+00 
3 1937  1957  0.1 300e-04 0.2451e-01 0.2422e-01 4 . 4 3 7 6 e - 0 1  -0.1 827e+00 
4 1938 1958  0.1 374e-n4 @. 241 1 e-01 @. 2372e-01 -0.4376e-01 -0.2622e+00 
5 1939 1959  0.26748-04 0.2362e-01 0.2305e-01 -0.4376e-01 -0.3762e+00 
6 1940 1960  0.3713e-01 0.230Qe-01 0.22275-01 -0.4376e-01 -0.5142e+00 
P o r t u s a l ,  l a g  15 y e a r s /  1°4Q-1060 p r o c e s s  o r d e r :  0 
N r .  From 7 0  O b j e c t i v e  r m s e - p o s t  mad-post  c 0 t - t e s t  
1 1940 1060  0.1013e-94 0.1 487e-01 0.1452e-01 0 .26Z le-01 0.6335e-01 
P o r t u g a l /  no l a g  
N r .  From To 
1 1925 1945 
2 1926 1946 
3 1927 1947 
4 1923 1948 
5 1929 1049 
6 1930 1950 
7 1931 1951 
8 1932 1952 
9 1933 1953 
10  1934 1954 
11  1935 1955 
12 1936 1956 
13  1937 1957 
1 4  1938 195s 
15 1939 1959 
1 6  1940 1960 
/ 1025-1060 p r o c e s s  o r d e r :  1 
O b  j o c t i v e  rmse-post  mad-post c 0 
0.1 88Qe-04 0.2534e-01 O. 249Qe-91 -0.9830e-01 
0.1700e-04 0.2557e-01 Q.2529e-01 -0.9830e-01 
0.1443e-04 0.255le-Ql O.2521e-01 -0.9773e-01 
O.lQ15e-04 0.2516e-01 9.2476e-01 -0.9773e-01 
0.235Pe-04 0.2451 9-91 0.2431 e-01 -0.9773e-01 
0.267Qe-04 0.2464e-01 0.2406e-01 -0.9773e-01 
0.3233e-04 0.2435e-01 0.2371e-01 -0.9589e-01 
0.4526e-04 0.2275e-01 0.21680-01 -0.79860-01 
0.2465e-04 0.1 Q82e-01 0.1 927e-Ql -0.31 48e-91 
0.21 C5e-04 0.1977e-01 0.192Oe-01 -0.2957e-01 
0.27RLe-04 0.1 965e-01 0.1889e-01 -0.2957e-01 
9.2327e-04 O.lQ65e-01 0.1 908e-01 -0.2308e-01 
0.2400e-04 0.1945e-01 Q.1877e-91 -0.2145e-01 
O.2577e-04 0.1Q350-01 0.1 8649-01 -9.1611 e-01 
O.24Q4e-04 0.19450-01 0.15760-01 -0.1065e-01 
0.2563e-04 O.10430-01 0.18750-01 -0.5734e-02 
-. b t .  
















t - t e s t  c 1 t - t e s t  
O.Zl l le+OC -0.94260-01 -0.55720+01 
0.21 82e+04 -0.94260-01 -0.61 890+01 
0.3123e+04 -0.93460-01 -0.64440+01 
0.3040e+04 -0.93469-01 -0,8071 e+01 
0.4157e+04 -0.93460-01 -0.8688e+01 
0.4272e+04 -0.9346e-01 -0.1179e+02 
0.44668+04 -0.9162e-01 -0.1 526e+02 
0.3882e+04 -0.8012e-01 -0.1248e+02 
0.30810+04 -0.37190-01 -0.4284e+01 
0.2721e+04 -0.3543e-01 -0.4096e+01 
0.2190e+04 -0.3543e-01 -0.29750+01 
0.2092e+04 -0.2950e-01 -0.2560o+01 
0.1675e+04 -0.2667e-01 -0.1 545e+01 
0.1 51 5e+04 -0.2142e-01 -0.1 431e+01 
0.15430+04 -0.15770-01 -0.6840e+00 
0*1352e+04 -0.1099e-01 -0.2209e+01 

















P o r t u g a l ,  l a g  5 yea rs ,  1930-1°60 p r o c e s s  o r d e r :  1 
N r .  From To 
1 l Y 3 0  1Y5C 
2 1931  1?51  
3 1932 1952 
4 1933 1953  
5 1934 1954 
6 1935 1955 
7 1936 1956  
8 1937  1 9 5 7  
Y 1938 1 9 5 8  
1 0  1939  1959  
'11 1 9 4 0  1960 












r m s e - p o s t  mad-post  c 0 t - t e s t  
0.2441e-01 0.2168e-01 -0.5294e-01 -0.2934e+01 
0.24720-01 0.2403e-01 -0.52949-01 -0.2944e+01 
0.2484e-01 0.2419e-01 -0.5294e-01 -0.35338+01 
0.2503e-01 0.2440e-01 -0.5294e-01 -0.4048e+01 
0.2518e-01 0.2456e-01 -0.52940-01 -q.50800+01 
0 .2503e-01 0.2435e-01 -0.52949-01 -O. t375e+01 
0.2498e-01 0.2425e-01 -0.52Q4e-01 -O.t649e+01 
0.2380e-01 O.2285e-01 -0.4439e-01 -0.4252e+01 
0.2059e-91 0.2027e-01 0.5541 e-02 0.4662e+00 
0.2060e-01 0.2028e-01 0.5541e-02 0.4166e+00 
O.2C15e-Ol 0.1978e-01 0.7257e-02 0.4659e+00 






















-0.181 3e+00  
0.43900-01 
P o r t u s a l ,  l a g  1 0  yea rs ,  1O35-1060 p r o c e s s  o r d e r :  1 
N r .  From To O b j e c t i v e  r m s e - p o s t  mad-post  c 0 t - t e s t  
1 1936 1956  0.1555e-04 O.2620e-01 O.2592e-01 -0.1923e-01 -0.1606e+01 
2 1937 1957  0.1423e-04 0.2622e-01 0.2597e-Cl1 -0.1923e-01 -0.1 934e+01 
3 1938 1958  0.1 E49e-04 0.2505e-01 0.2561 e-01 -0 .1923e-01 -0.2299e+01 
4 1939  1959  0.2463e-04 0.2565e-91 O.2517e-01 -0.1923e-01 -0.2727e+01 
5 1940  1 9 6 0  0.31 21 G-04  0.2470e-01 0.2403e-01 -0.1736e-01 -0.29750+01 
b 1 t - t e s t  c 1 t - t e s t  
0.9583e+00 0.2696e+04 -0.2907e-01 -0.2466e+01 
0.9583e+00 0.29540+04 -0.29070-01 -0.2650e+01 
019583e+00 0.3872e+04 -0.2907e-01 -0.3429e+01 
0.9583e+00 0.4090e+04 -0.29079-01 -0.3779e+01 
0.9581 0+00 0.5482e+04 -0.2692e-01 -0.5223e+01 
P o r t u s a l ,  l a g  15 yea rs ,  1040.-l?6C p r o c e s s  o r d e r :  1 
N r .  From To O b j e c t i v e  r m s e - p o s t  mad-post  c 0 t - t e s t  
1 1940 1960 0.1 31 4e-04 0.1 591e-01 0.1 547e-01 0.3449e-01 0.2179e+01 
b 1 t - t e s t  c 1 t - t e s t  
0.9981 e+00 0.71 91e+04 0.2940e-01 0.31 23e+Ol 
